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Abstract
The ether- and amine-functionalised phosphinoamines PI12PNHR [R = 
CH2CH2OCH3 (L1), CH2CH2CH2OCH3 (L2), CH2CH(OCH3)2 (L3), C6H4OCH3-2 (L4) 
and CH2CH2N(CH3)2 (L8)] and Ph2PN(CH3)CH2CH2N(CH3)2 (L7) were prepared 
from the reaction of PI12PCI and the appropriate amine in the presence of a base. The 
keto-functionalised iV-pyrrolyl phosphine Ph2PNC4H3C(0 )CH3-2 (L10) was 
synthesised in an analogous manner from 2 -acetylpyrrole.
X-ray crystallographic and multinuclear NMR spectroscopic studies 
demonstrated that the ligands can coordinate in either a unidentate manner through the 
phosphorus or in a bidentate manner to give PtO- or P,//-chelate rings. Displacement 
of the coordinated ether and keto oxygens was observed for a number of cases on the 
addition of CO, xylyl isocyanide and acetonitrile. X-ray crystallographic analysis of 
the complexes [PdCfeO.'^] (1), [PdChCL3^ ] (3), [PtBr(N0 2 )(L1)2] (16) and 
[Pd(dmba)CI(L1)] (18) showed the presence of bifurcated hydrogen bonds between 
the NH protons and both the halide ligands and the ether oxygen atoms, though N- 
H—O interactions were absent in the structure of [Pd(dmba)Cl(L )] (19).
The complexes [PtCl2(L7)2] (43) and [PtCl2(L8)2] (44) were shown to be 
fluxional in solution and abstraction of one of the chlorides from 44 gave 
[PtCl(L8-P,JV)(L8-P)]+. The reaction of 43 with C0CI2 gave the bimetallic complex 
[Pt(L7-P, jV)(|i-L7)CoCl3] (52) in which one L7 is bridging between the metal centres.
L 10 was shown to coordinate to rhodium(I) as a uni- or bi-dentate ligand. 
However when [RhCl(CO)(L10)2] was dissolved in wet dichloromethane it gave the 
dinuclear species [RhCl(C0 )(p-PPh2 0 PPh2)]2 (69) in high yield.
2
The crystallographically characterised late transition metal silasesquioxane 
complex [(c-CsH9)7Si709(0 SiMe3)0 2 Pt(dppe)] was prepared from the reaction of 
(c-C5H9)7Si709(0 SiMe3)(0 H)2] with [Pt(C0 3 )(dppe)] or [PtCl2(dppe)]/Ag2 0 .
In an attempt to build molecular squares using self assembly through 
coordination and hydrogen bonds, the compound [Pd(dppe)(NCsH4C0 2 H-4 )2]2+ was 
prepared. During these studies, the complex [Ag3(isonic)2]BF4 (75) was isolated and 
shown to have a polymeric structure consisting of Ag3 triangles linked together by two 
isonicotinate ligands.
3
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1.0 Introduction
The immense interest in phosphine ligands in both organometallic and 
coordination chemistry has spanned many decades. Research into the transition metal 
complexes of phosphines has been driven by their importance as homogeneous 
catalysts for a range of industrially important processes such as hydrogenation and 
hydroformylation. Phosphines, unlike many other classes of ligands, offer great 
versatility in their coordination properties due to the ease and the systematic ways in 
which their steric and electronic properties can be altered. Numerous methods have 
been developed to synthesise new phosphines containing a wide range of substituent 
groups, some of which are outlined below.
1.1 Historical Background1
Trimethylphosphine was first synthesised by Th^nard2 in 1847, from the 
reaction of methyl chloride with impure calcium phosphide at 180-300°C. Following 
this work Berle3 synthesised triethylphosphine from the reaction of ethyl iodide and 
impure sodium phosphide in 1855.
It was the discovery of aliphatic amines and their relation to phosphines, 
which resulted in the revival of interest in the chemistry of tertiary phosphines. 
During the period 1857-1871, Hofmann and Cahours4 were responsible for much of 
the early development of organic phosphorus chemistry. The difficulties that had to be 
overcome with these early syntheses of tertiary phosphines were immense, with the 
risk of fires and explosions, as well as difficulties in separating the desired product 
from the complex mixture produced from these reactions.
14
The development of aromatic phosphines occurred in the last quarter of the 
nineteenth century, and much of this work was carried out by Michaelis and 
co-workers.5 He synthesised dichlorophenylphosphine by passing a mixture of 
benzene and trichlorophosphine vapours through a red-hot porcelain tube. From this 
work phenylphosphine, diphenylphosphine and triphenylphosphine were synthesised.
The development of aliphatic phosphorus chemistry was significantly slower 
than that of the aromatic phosphines due to their difficult syntheses. It was not until 
the application of Grignard reagents that their study really developed.
1.2 Transition Metal Phosphine Chemistry
The early synthesis of tertiary phosphines was quickly followed by the 
synthesis of their metal complexes. Hofmann, during work to characterise the 
phosphines,6 synthesised the platinum(II) complexes, now known to be 
[PtCl2(PMe3)2] and [PtCl2(PEt3)2]. The start o f serious investigation into phosphine 
complexes began when Cahours and Gal7 in the 1870s obtained two different forms of 
[PtCl2(PEt3)2] from the reaction of triethylphosphine and a boiling solution of 
platinum(IV) chloride. They and other workers also prepared gold®, copper® and 
palladium®) phosphine complexes, but little interest was shown in these except for 
the isomeric platinum species.
It was not until the 1930s and the work by Mann8 and Jensen9 that the interest 
in transition metal phosphine chemistry really developed. As a result o f these 
extensive studies of the chemistry of organo-phosphine complexes, the number of 
known complexes containing tertiary phosphine ligands increased considerably. Other 
key figures in the development of the coordination chemistry of transition metal 
phosphine complexes were Dwyer, 10 Chatt,8 and Nyholm.11
15
Reppe and co-workers published the first work applying phosphine complexes 
to catalysis in 1948.12 They showed that triphenylphosphine complexes of nickel were 
effective catalysts for the polymerisation of olefinic and acetylenic substances. This 
work resulted in considerable industrial interest in the potential catalytic properties of 
phosphine complexes soluble in organic media. From this work the development of 
phosphine complexes in homogeneous catalysis began.
The volume of chemicals produced from homogeneous catalytic systems is 
still relatively small when compared to heterogeneous systems,13 but their improved 
reactivity and selectivity means that the importance of homogeneous catalysts in both 
the petrochemical and pharmaceutical industries is immense.
There is a considerable range of chemical processes which have been 
catalysed using homogeneous catalysts containing tertiary phosphines, including 
hydrogenation, isomerisation and hydroformylation.
Hydrogenation is the addition of hydrogen to an unsaturated compound (e.g. 
olefins and acetylenes). A simple hydrogenation catalyst precursor is the complex 
[RhCl(PPh3)3], this was shown by two groups in 196514 to hydrogenate alkenes and 
alkynes at 25°C and 1 atm of H2. Asymmetric hydrogenation in which an achiral unit 
is converted into a chiral entity is of particular importance in the pharmaceutical 
industry, for example the synthesis of L-DOPA, which is used in treating Parkinson's 
disease. Here a soluble rhodium catalyst containing an optically active tertiary 
phosphine has been used to give the desired product with an optical purity of over 
90%.
In isomerisation the chemical formula of a compound is unchanged but the 
molecular structure is altered. For example, in alkene isomerisation, the double bond 
of an alkene migrates via the metal mediated transfer of hydrogen atoms. Most
16
commonly the alkyl and allyl mechanisms for alkene isomerisation are observed - 
these differ in that the alkyl route involves a 1,2 shift of hydrogen whereas the allyl 
route involves a 1,3 shift. A typical catalyst precursor for alkene isomerisation is 
[RhH(CO)(PPh3)3] .15
In hydroformylation, the addition of the units CHO and H to a double bond 
gives either a ’normal' or 'iso' aldehyde. A number of rhodium complexes containing 
tertiary phosphines have been shown to be effective precursors to hydroformylation 
catalysts e.g. [RhCl(CO)L2] (L = PBU3 or PPI13), [RhH(CO)(PPh3)3] and 
[RhCl(PPh3)3] .16
1.3 Phosphine Syntheses
Since the first synthetic methods for tertiary phosphines were developed over 
150 years ago, a vast array of preparative methods has been developed. The initial raw 
materials, which are used to synthesise most organophosphorus compounds, are 
derived from elemental phosphorus. Phosphorus is converted into either phosphorus 
trichloride (PCI3) by direct reaction with excess chlorine, or phosphoryl chloride 
(POCI3) by exposing phosphorus trichloride to air. From these starting materials most 
organophosphorus compounds may be prepared.
1.3.1 Preparation of Tertiary Phosphines17’18
On considering the possible disconnections of the phosphorus-carbon bond, 
three synthetic routes become apparent:
17
P-C => P+ + C 'f equivalent to P-X + M-C (1)
P-C => P' + C+, equivalent to P-M + X-C (2)
P-C => P + C (3)
Disconnection 1 may be considered as the reaction of electrophilic phosphorus 
with a nucleophilic carbon, for example the reaction of a halophosphine with an 
organometallic reagent such as a Grignard or organolithium reagent. This is one of the 
most commonly used synthetic routes as the starting materials required are readily 
available.
Disconnection 2 represents the reaction of nucleophilic phosphorus with a 
suitable carbon electrophile, for example the reaction of a metal phosphide with an 
organohalogen compound. This is also a popular synthetic route, though the synthetic 
steps are somewhat more complex than with the previous case.
Disconnection 3 shows the radical-based reaction of phosphorus and carbon. 
This is a much less common synthetic route than the previous two examples, though it 
can be useful with multiple bonds as acceptors.
Another very useful route to the synthesis of tertiary phosphines uses the 
reduction of phosphorus(V) compounds to phosphorus(III) compounds, an outline of 
this procedure is given later.
1.3.1.1 Grignard Method
This is one of the most commonly used laboratory methods for synthesising 
tertiary phosphines. This route may be used to give tertiary phosphines with either 
identical or different components depending on the starting materials used e.g. R3P or 
RR'R'T. The starting materials may be the halophosphines (PX3, RPX2 or RR'PX) -
18
these are added to the Grignard reagent usually in ether, and refluxed to complete the 
reaction. Heating the reaction mixture to reflux is particularly necessary in the case of 
bulky alkyl groups otherwise mono- or di- substituted products result. Separation of 
the product can be achieved by treating the reaction mixture with an ammonium 
chloride solution, followed by separation and distillation of or crystallisation from the 
organic layer. The hydrolysis step is sometimes omitted and vacuum distillation used 
to extract the product, though this is only useful for phosphines with low boiling 
points.
The Grignard derivatives of primary alkyl and aryl halides give the best yields 
whilst branched chain halides, secondary alkyl halides and f-butyl halides give little, if 
at all any of the desired product. This occurs even when the optimal conditions are 
used: an excess of the Grignard reagent, which is added to the phosphorus halide 
keeping the initial reaction temperature as low as possible. Steric hindrance is 
believed to be responsible for the difficulty in synthesising tri-substituted phosphine 
containing these bulky alkyl groups, since products are often isolated in which full 
substitution has not occurred.19
PCI3 + ButMgX(XS) -» Bu^PCI
The synthesis of unsymmetrical and asymmetric tertiary phosphines may be 
achieved using the Grignard route with careful selection of the starting materials. 
Examples of phosphines synthesised via the Grignard route (Figure 1): (i) the 
synthesis of [4-{bis(2-diethylaminoethyl)aminomethyl}diphenyl]phosphine20 (1); (ii) 
the reaction of chlorodiphenylphosphine and the Grignard derived from
l-bromo-8-dimethylaminonaphthaIene to yield (8-dimethylaminonaphthyl)-
19
diphenylphosphine21 (2); and (iii) the synthesis of 
(2,5-dimethoxybenzyl)diphenylphosphine which was prepared from the Grignard
O'")derived from 2,5-dimethoxybenzylbromide and chlorodiphenylphosphine (3).
Figure 1 Preparation of unsymmetrical tertiary phosphines






One drawback to the Grignard route is that occasionally it is necessary to 
protect functional groups, which are sensitive to organometallic reagents. Such a case 
is the synthesis of triarylphosphines containing formyl or acetyl groups as aryl 
substituents, where the ethylene keto derivative is used as a protecting group for the 
carbonyl group during the Grignard reaction. The protecting group from the resulting 
phosphine can then be removed to give the desired product (Scheme 1).
20
S ch em e 1
O - C - R
+ P h 3-nPCI„
O - C - R
The incorporation of three different groups to give asymmetric phosphines 
may be achieved by either reacting the Grignard reagent R”MgX with the 
phosphinous chloride of the type RR’PCl or from phosphonous dihalide RPX2 and a 
mixture of different Grignard reagents R’MgX and R”MgX (Scheme 2). In the latter 
case the two Grignard reagents must be significantly different to allow separation of 
the different tertiary phosphines produced.24
S ch em e 2
An unusual example of the formation of a phosphorus-nitrogen bond is found 
when the magnesium compounds derived from indole and its derivatives are reacted 
with phosphorus trichloride. Due to the tautomeric nature of the magnesium indole 
species a mixture of the normal tertiary phosphine as well as some 
phosphorus-nitrogen bound derivatives is produced (Figure 2).
PhPCI2 + EtMgBr + 
PhCH2MgCI






1.3.1.2 Organolithium and Alkali-Organic Methods17
Organolithium reagents resemble Grignard reagents except that they are more 
reactive due to the C-Li bond being more ionic than C-Mg. The synthesis of tertiary 
phosphines using organolithium reagents is similar to the Grignard route giving 
comparable yields.26 An exception to this is in the synthesis of tertiary phosphines 
containing bulky alkyl groups e.g. tri-ter/-butylphosphine, which are not accessible
OOvia the Grignard route (Figure 3).
Figure 3
3Bu’lJ + PCI3 ---------- ► Bu'3P + 3UCI
The aryllithium reagents are often used in preference to the Grignard reagents, 
as the aryllithium reagents are easier to prepare. A wide range of tertiary phosphines 
have been synthesised using the organolithium route, examples (Figure 4) of which 
are: (i) the reaction of chlorodiphenylphosphine and the organolithium reagent 
5,5'-dilithium bis(pyrazol-l-yl)methane to yield the
Oftbis(5-diphenylphosinopyrazol-l-yl)methane (1), (ii) the synthesis of
OO2-(2'-diphenylphosphinophenyl)-l,3-dioxolane (2), and (iii) the synthesis of
22
l,2-bis[bis(2,6-difluorophenyl)phosphino]ethane30 from the 2,6-difluorophenyllithium 
reagent with bis(dichlorophosphino)ethane in diethyl ether at -78°C (3).
Figure 4  Exam ples of tertiary phosphines synthesised  via the 
organolithium route















The reaction of phosphorus trichloride with organo-sodium and potassium 
compounds also yields tertiary phosphines in a similar fashion. The reaction 
conditions are similar to those used in the Grignard route, with either the alkali 
organic compounds being synthesised in situ from the alkali metal and organic halide, 
or via an exchange reaction at low temperature. Both give comparable yields to that of 
the Grignard route, for example tribenzylphosphine has been synthesised from 
benzylsodium and phosphorus trichloride in 84% yield.31
23
1.3.1.3 Organosilyl Method
In a number of cases the synthesis of heterocyclic substituted phosphines via 
addition of chlorophosphine to organometallic reagents such as organolithium, 
resulted in poor yields due to the formation of unwanted side products.32,33,34 In order 
to avoid such side reactions trimethylsilyl-substituted derivatives were used instead of 
the corresponding organometallic reagents. The silyl-substituted derivatives can be 
synthesised by the addition of MesSiCl to the deprotonated heterocycle at -78 °C; 
addition of chlorophosphine to this mixture then gives the desired phosphine. For 
example bis(2-oxazolin-2-ylmethyl)phenylphosphine33 (1) and
2-(diphenylphosphinomethyl)-l-methylimidazole (2) were synthesised via this route 
(Figure 5).
Figure 5











The Grignard/organolithium routes can be extended using softer 
organometallics such as organozinc reagents. The reaction of fimctionalised 
organozinc reagents with chlorophosphines has been shown35 to allow the direct
24
incorporation of a number of functional groups (Figure 6), which are not directly 
accessible using the equivalent Grignard or organolithium reagents. This reduced 
reactivity of organozinc reagents compared with that of the corresponding 
Grignard/organolithium regents is due to the significantly less polar metal-carbon 
bond. Examples of an ester-fimctionalised (1) and chloro-functionalised (2) 
phosphines synthesised using the organozinc route are shown in Figure 6.
Figure 6
(FG-R)2Zn 1 Ph2PCI, THF
or  ► FG-R-PPh2
FG-RZnl 2 0 °C, 1 h
FG = CN, Cl, Br, ester, enone.
O
1.3.1.5 Using Other Organometallics
A sizeable number of alternative routes have been developed to the synthesis 
of phosphines using a variety of organometallic reagents such as, 
organo-aluminium, -mercury and -tin compounds. A number of these routes have 
been developed to synthesise novel phosphines, which are not generally accessible via 
the standard synthetic routes, for example, organo-zirconium39,40,41 reagents react with 
dichlorophosphine to give a range of heterocyclic phosphorus compounds (Figure 7) 







R = CH2CH2CN, Me, SiM e3 
(1)
n = 1 or 2 
(2)
Recent reports have shown that functionalised phosphines containing amino 
acids and ester functional groups can be synthesised using palladium42 and platinum43 
catalysts respectively. For example, the palladium catalysed synthesis of amino acid 

























1.3.1.6 Metal Phosphide M ethod17
In this method the phosphorus acts as a nucleophile attacking an electrophilic 
carbon, which is the reverse of Disconnection 1 (Section 1.3.1). The alkali metal 
derivatives of phosphines PM3, RPM2 and R2PM readily react with alkylhalides or 
other suitable electrophiles to give tertiary phosphines in good yield, examples of 
typical reactions are shown:
PM3 + 3RX -> R3P + 3MX 
RPM2 + 2R'X -> R2R'P + 2MX 
RR'PM + R"X -> RR'RHP + MX
The reaction conditions require stoichiometric amounts of the alkylhalide to be 
added with care to a suspension or solution of the alkali phosphide in an inert solvent, 
this stoichiometry is required so as to avoid the formation of unwanted by-products. 
Heating the reaction mixture to reflux is usually carried out to complete the reaction, 
with the metal halide removed by filtration. The phosphine is then purified by 
distillation. The chloride, bromide and iodide alkyl and aryl halides may be used in 
these reactions.
It is unusual to make symmetrical tertiary phosphines via this route, due to the 
ease and availability of the starting materials required for the electrophilic (e.g. 
Grignard) route. This method only becomes comparable to the electrophilic 
phosphorus routes when synthesising unsymmetrical and asymmetric tertiary 
phosphines, as the availability and ease of synthesising the starting materials is about 
the same for both methods. A wide range of tertiary phosphines have been synthesised 
using the metal phosphide route, examples of which are (Figure 9): (i) the synthesis of
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2,5-bis[(diphenylphosphino)methyl]thiophene44 (1), (ii) the synthesis of
1.3.1.7 Radical Addition18
The use of radical addition of phosphines to alkenes and alkynes has provided 
a useful high yielding route to the synthesis of a limited number of tertiary 
phosphines. Limited control of the reaction products can be achieved by varying the 
reagent ratios; this is of particular use when using sterically bulky alkenes.
The reaction may be initiated by the usual radical initiators for example 
ultraviolet light, peroxides and a, a'-azobisisobutyronitrile. The reaction proceeds via 
a chain mechanism as shown:
(2-tetrahydrofurylmethyl)diphenylphosphine45 (2), and (iii) the reaction of metal 
phosphides with spiroheptadiene,46 in which the cyclopentadienyl acts as a stabilising 
unit (3).








R2PH + initiator -> R2P' 
R2P’ + RCH=CH2 -> R2PCH2C HR 
R2PCH2C HR + R2PH -► R2PCH2CH2R + R2F
Examples where the radical route has been used (Figure 10): (i) the addition of 
simple alkenes to bis(trifluoromethyl)phosphine using ultraviolet light as an initiator 
at a temperature of 40°C to give the alkylbis(trifluoromethyl)phosphine47 (1), and (ii) 
the sequential addition of silanes and secondary phosphines to a,<y-dienes using 
ultraviolet light as initiator to give silylalkylphosphines48 (2).




H2C -C H 2R R2P(CH2)2(CH2)n(CH2)2SiR2 (n = 1 - 4)
(1) (2)
1.3.1.8 Reduction of Phosphine Oxides and Sulphides17
The route is particularly useful in the synthesis of chiral phosphines, as it is 
easier to resolve phosphonium salts and phosphine oxides than the parent tertiary 
phosphine; these species can then be reduced to the corresponding tertiary phosphine 
with retention or inversion of configuration.
Many phosphines can only be made via the phosphine oxide so methods of 
reducing these to give the tertiary phosphine are of great importance. A wide range of 
reducing agents may be used for example LiAlFLi, CaH2, silanes, and boranes. One of 
the most commonly used reductants for phosphine oxides and sulphides are silanes 
(e.g. SiHCh and R4 .xSiHx) as they are easy to use, effective for a wide range of
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phosphines, give clean stereochemistry and high yields. The reduction is carried out 
by mixing the oxide with an excess of silane, in an inert solvent under nitrogen, a 
weak base is often added such as a tertiary amine to remove any HC1 formed (Figure 
11). Heating the reaction mixture to reflux is then used to complete the reaction and 
the phosphine is extracted by distillation.
Figure 11
R3P = 0  + 2SiHCI3 -------- ► R3P + SiCI4 + H2 + (CI2SiO)n
R3P = 0  + SiHCI3 +R3N — ► R3P + (CI2SiO)n + R3NHCI
A major advantage of silanes is that reduction may be carried out in the 
presence of a wide range functional groups for example carbonyls, nitriles and 
amines.49 By careful control of the reaction conditions and the silane used great 
control of the stereochemistry of the tertiary phosphine produced can be achieved, to 
give either retention or inversion of configuration. An example where trichlorosilane 
has been used in the presence of other functional groups is shown below (Figure 12).
Figure 12
X = CN, C 0 2H, C 0 2Me
Lithium aluminium hydride may also be used as a reducing agent though its 
use is limited compared to silanes due to the sensitivity of many more functional
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groups to reduction by it. As with silanes reduction may occur with retention of 
configuration though racemisation often occurs, for example (Figure 13) the reduction 
of the optically active phosphine oxide (1) by lithium aluminium hydride gave a 




Tertiary phosphines may be used as substitutionally inert ligands to which 
additional ligating groups such as oxygen, nitrogen, carbon or sulfur containing 
functional groups may be attached (Figure 14).
Figure 14





The combination of a phosphorus atom which forms a strong substitutionally 
inert bond to a late transition metal centre, with a labile ligating group provides the 
potential combination required for hemilability. The labile donor groups within the
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functionalised side chain of the phosphine allows the phosphine to weakly coordinate 
to the transition metal through these labile donor groups in the absence of 
coordinating ligands or solvents (e.g. CO, NCCH3 etc.), so forming bidentate or 
polydentate ligands. However when coordinating ligands or solvents are present, the 
labile portion of the ligand may be displaced, so forming the metal-ligand/solvent 
complex (Figure 15). The presence of the substitutionally inert metal-phosphorus 
bond maintains the labile group in close proximity to the metal centre, so allowing 
recoordination of the labile group once the bonded small molecule has been lost. This 
mixing of donor atoms to give hemilabile ligands is of particular interest in the
c  |
synthesis of complexes suitable for homogeneous transition metal catalysis, ’ 





M L^ c  ML^
X = substitutionally inert group 
Y = substitutionally labile group 
Z = ligand or solvent
1.4.1 Phosphorus-Oxygen Containing Ligands
Hemilabile ligands which contain both phosphorus and oxygen donor groups 
are one of the most extensively studied groups of hemilabile ligands.55,56 In these 
systems the phosphorus forms substitutionally inert bonds to the transition metal 
centre, while the oxygen incorporated in the side chain can form weak metal-oxygen
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bonds, which may be cleaved reversibly. There is a considerable range of labile 
oxygen groups that have been incorporated into hemilabile phosphorus-oxygen 
ligands for example, ethers,55 ketones,57 esters,58’59 alcohols,60’61 amides62 and 
phosphine oxides.63’64 Of these the ether- and keto-functionalised phosphines are the 
two main classes of phosphorus oxygen containing ligands.
1.4.1.1 Ether-Functionalised Phosphines
The chemistry of ether-functionalised phosphines has received considerable 
attention most notably from Lindner and co-workers.55 The oxygen donor atom of the 
ether group may be incorporated into the phosphine as either a simple acyclic or 
cyclic ether, or as part of a more complex macrocycle or polyether chain in which two 
or more oxygen donor atoms are incorporated (Figure 16).
Figure 16
/ v  .O R  . 0 .  /
Ph2P Ph2P O
Fluxional intramolecular ligand exchange of ether-functionalised phosphines 
has been observed in a number of complexes in which the labile ether groups 
dissociate and recoordinate on a single transition metal centre. For example,
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[RhCl(PCy2CH2CH2 0 CH3 -/>,0 )(PCy2CH2CH2 0 CH3-/>)]65 undergoes rapid exchange 
of the labile ether groups at room temperature.
Many transition metal complexes of ether-functionalised phosphines have 
been shown to be useful for various catalytic processes. For example, rhodium29,66 and 
palladium67 complexes of ether-functionalised phosphines have proved effective 
hydrogenation catalysts, and cobalt68 and rhodium69 (Figure 17) complexes have been 
used for the carbonylation of methanol.
Figure 17 Catalytic cycle for the carbonylation of methyl iodide 
by a cationic ether-phosphine rhodium com plex
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Recent work has examined the properties of supported complexes containing 
hemilabile ether-functionalised phosphines.70 These complexes have been shown to 
exhibit dynamic behaviour, for example the palladium(II) complex71 was shown to 
reversibly coordinate acetonitrile (Figure 18). This supported Pd(II) complex was also 
found to be an effective catalyst for the copolymerisation of CO and ethylene in the 
absence of solvent.
Figure 18
NCMe\ l ^ \ ^ p hP
NCMe +2 MeCN
M









The study of polyether-functionalised phosphines has concentrated on two 
main properties, their ability to stabilise multiple coordination sites at metal centres72 
and to impart phase-transfer properties to homogeneous catalysts. For example 
[RuCh{PPh[(C3H6 CHMe2](C2H4 0 C2 H4 0 Me-P,O,O)]11 was shown to exhibit an 
Tl3-P-0-0 bonding mode of the polyether-functionalised phosphine (Figure 19).
Figure 19
Cl ? Ph3 
Ph ' J  
p - R u - O M e
A>
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1.4.1.2 Ketone- and Ester-Functionalised Phosphines
An oxygen donor may be incorporated into a phosphine in the form of a 




have been found to coordinate in either a unidentate fashion through the phosphorus 










Braunstein et al76 has shown that the carbonyl group of ketone- and 
ester-functionalised phosphines generally coordinates more strongly to late transition 
metal centres than the corresponding ether group of ether-functionalised phosphines. 
This results in complexes containing ketone- and ester-functionalised phosphines 
exhibiting increased stability and static nature compared to equivalent 
ether-functionalised phosphine complexes. For example, 
[Rh{PPh2CH2C(O)Ph-P,0 }2]PF676 is stable at room temperature whereas the 
analogous ether-functionalised complex [Rh(PPh2CH2CH2 0 CH3-P,0 )2]BPh455 is 
unstable above -30°C. This increased bond strength of carbonyl oxygen-metal bond 
has been observed to result in a number of ketone- and ester-functionalised phosphine 
complexes being static structures at room temperature, in contrast to the equivalent 
ether-functionalised phosphine complexes many of which exhibit fluxionality under 
similar conditions. For example, the P, O-chelate ring in 
[RhCl{PPh2CH2C(0)Ph-P,0}{PPh2CH2C(0)Ph-i>}]76 is static at room temperature 
whereas [RhClH2(PCy2CH2CH2 0 CH3-P,0 )(PCy2CH2CH20 CH3-P)]77 is fluxional 
under comparable conditions.
The ease of forming P, O-chelates is affected by the chelate ring size, 5- and
6-membered chelate rings are the most common as the ring strain is minimised as the 
rings conformation is such that the steric strain is reduced. In contrast 4- and
7-membered chelate rings are considerably rarer due to unfavourable steric strain.
1.5 Hemilability
Within complexes the hemilabile behaviour of ligands has been observed to 
occur via a number of different processes. Variable temperature !H and 31P NMR
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spectroscopy may be utilised to demonstrate the presence of hemilabile ligand 
exchange involving the labile oxygen groups.
One of the most common of these processes is the fluxional dissociation and 
recoordination of the weakly bonding groups on a single transition metal centre via 
intramolecular ligand exchange processes. For example the ester groups in 
cw-[RhCl3 (PPh2CH2C0 2 Et-P,0 )(PPh2CH2 C0 2 Et-P)]58 undergo intramolecular ligand 
exchange (Figure 21).
The next type of hemilabile behaviour involves ligand interchange in which an 
equilibrium exists between the weakly coordinating groups of the hemilabile ligands 
and the coordinating counter ions. For example, 
fra«s-[Fe{P(CFl2Ph)(CFl2CH2 0 Et)2 }2 ](0 3 SCF3)278 was observed to undergo ligand 
interchange between the polydentate ether-functionalised phosphine ligands and the 
two triflate counter ions (Figure 22).
In contrast to the hemilabile properties based on fluxional ligand exchange 
processes, the hemilabile behaviour of bifunctional ligands is also observed in the 
displacement of the labile metal bound group of the bifunctional ligand by 
coordinating ligands and solvents such as CO, nitriles, phosphines and amines. For, 




reversible coordination of small molecules such as acetonitrile and SMe2 , which is 
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1.6 Phosphinoamines
Compared with the vast body of data accumulated on phosphines and 
phosphites, phosphinoamines (or aminophosphines) containing P-N bonds have 
received relatively little interest. The probable reason for this lack of interest is the 
perceived ease of P-N bond cleavage,79 though from the number of stable 
phosphinoamines reported, this factor does not appear to be as important as originally 
thought. Phosphinoamines can be readily synthesised via the deprotonation of an 
amine with base such as triethylamine (NEt3 ), followed by addition of 
chlorophosphine (Figure 24). The mild reaction conditions required for the synthesis
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of phosphinoamines allows ready incorporation of a range of additional 
functionalities. Over the past few years a number of diphosphinoamines and 
functionalised phosphinoamines have been prepared and studied, in which 
ketones,80,81,82 phosphinites,83,84 pyridines,85,86 phosphines87 and additional
OO OQ QA Q 1 AA
phosphinoamines ’ ’ ’ ’ have been incorporated. Complexes containing
functionalised phosphinoamines have been utilised in a number of catalytic 
applications. For example, rhodium(I)93 and platinum(II)83 complexes of chiral 
phosphinoamines have been shown to be efficient catalysts for asymmetric 
hydrogenation and hydroformylation reactions respectively.
Figure 24  
Ph2PCI
RR'NH + B ase ------------ ► RR'NPPh2 + Base.HCI
R and R' = alkyl, aryl or H
The diphosphine bis(diphenylphosphino)amine Ph2PNHPPh2 and its 
derivatives have received considerable attention most notably from Woollins and 
co-workers.94 These ligands are of particular interest due to the range of bonding 
modes that they exhibit on coordination to metal centres. For example, they may 
coordinate in monodentate, chelating or bridging modes (Figure 25).95 These bonding 
modes are similar to those observed for the isoelectronic methylene compound 
bis(diphenylphosphino)methane (dppm). In contrast to the methylene group of 
bis(diphenylphosphino)methane, the acidic amine proton of 
bis(diphenylphosphino)amine can readily be deprotonated to give the anionic ligand 
[Ph2PNPPh2]'.
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Bis(diphenylphosphino)amine is synthesised in good yield from the 
condensation reaction between hexamethyldisilane and chlorodiphenylphosphine 
(Figure 26). It is possible to incorporate a range of substituents at the nitrogen atom 
using the reaction of primary amines (RNH2 ) with either PCI3 or Ph^PCl, for example 
the chiral bidentate phosphines 5 '-(Ph2P)2NC(H)(Me)(Ph) and 
5-(Ph2P)2NC(H)(CH3)C(0)0C 2H5.9 6
Figure 26
2Ph2PCI + NH(SiMe3)2 ---------- ► Ph2PNHPPh2 + 2M e3SiCI
2PCI3 + RNH2  ► RN(PCI2)2 + 2HCI
2Ph2PCI + RNH2  ► RN(PPh2)2 + 2HCI
The mono-oxidised derivatives of diphosphines Ph2PNHP(E)Ph2 (E = oxygen, 
sulfur or selenium) may be synthesised by direct oxidation of one of the two 
phosphorus(III) groups with hydrogen peroxide, elemental sulfur and grey selenium 
respectively. On coordination to metal centres these ligands have been shown to 
exhibit both P^-chelation and monodenate coordination, 9 7 ’9 8 ,9 9 for example 
c/5 -[PtCl2 {PPh2PNHP(0 )Ph2-P}2 ] has been shown to form the 5-membered 
P,0-chelate on reaction with AgBF4 , which is reversible on addition of LiCl (Figure
Figure 27
Ph2
0 * \ , H H N - P P h 7 1 2+
P h A  ,C. A9BF- CH2C'2 " # ' ) >
Ph LiC' Ph2^  '?Ph2P  ^ Ph2 HN—PPh2
O
A number of bidentate ligands have been synthesised and studied in which two
OO Q 1 1 AA
phosphinoamines are separated by a carbon backbone (Figure 28). ’ ’ Some of 
these have been shown to have potential catalytic properties, for example, the 
rhodium complexes containing the chiral bisphosphinoamines 
S'-R,2PNC4 H7(CH2N{PR'2 } {C6H5R-2}-2)88 (R = H, Me, OMe and R' = Ph) and 





R = H, Me, OMe; R' = Ph
catalysts for the enantioselective hydrogenation of olefins and derivatives of 
tf-phenylenamide (Scheme 3) respectively.
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S ch em e 3
X  * H* Catalyst HSC "HOOCH,
Ar NHCOCH3 -------------------- ► / \
3 Ar H
The incorporation of phosphines and phosphites into phosphinoamines to give 
unsymmetrical diphosphines has produced a range of ligands, which exhibit 
interesting coordination modes and catalytic properties.
Examination of the coordination chemistry of the unsymmetric diphosphine 
Ph2PNC6H4 PPh2 -2 , showed that the phosphine could coordinate either in a bidentate 
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Chiral phosphinoamine-phosphinite ligands have been shown to be easily 
prepared via the reaction of the chiral amino-alcohol with chlorophosphine in the 




The catalytic properties of chiral phosphinoamine-phosphinite ligands have 
been extensively studied, in particular their application to enantioselective catalysis.101 
For example, rhodium complexes of chiral phosphinoamines-phosphinites have 
proved effective catalysts for asymmetric hydroformylation,102 hydrosilylation103,104 
and hydrogenation,105,106 and nickel complexes have been employed107 in 
enantioselective C-C bond formation.
A number of functionalised phosphinoamine ligands have been prepared and
o i or
studied, in which additional functional groups such as ketones and pyridines have 
been incorporated (Figure 31).
Figure 31 
Ph2P \  
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The combination of both a hard (e.g. nitrogen, oxygen) and a soft (e.g. 
phosphorus) donor atoms within the phosphinoamine provides the donor combination 
in which coordination may occur through either or both of the donor atoms, resulting 
in a number of potential coordination modes (Figure 32).
Figure 32
Examination of the coordination chemistry of pyridylphosphinoamine with a 
range of transition metals showed that it could coordinate in a monodentate fashion 
through the phosphorus or in a bidentate fashion through the phosphorus and nitrogen 
to give a 5-membered P,Af-chelate ring (Figure 33). In contrast the ketone 
functionalised phosphinoamine undergoes C-H bond activation to give a 5-membered 
M-P-N-C-C metallacycle (Figure 33), as coordination of the ketone oxygen to give 





The chemistry of vV-pyrrolyl substituted phosphines has currently received 
interest due to their exceptional 7i-acceptor properties, which can exceed those of
i nil i nophosphites such as P(OPh)3 . ’ Delocalization of the nitrogen lone pair into the 
5-membered ring (Figure 34) contributes to the jV-pyrrolyl groups strong electron 
withdrawing properties, which result in the phosphines acting as relatively poor ct 
donors and as good n acceptors.
Figure 34
The synthesis of vV-pyrrolyl phosphines is similar to that of phosphinoamines 
in which pyrrole is directly reacted with a chlorophosphine in the presence of 
triethylamine (Figure 35). These mild reaction conditions allow the incorporation of 
additional functional groups for example, the ester groups in 
3,4-dicarboethoxy-iV-pyrrolyl phosphine [R2P-NC4H2(C02Et)2].no
Figure 35
Complexes containing TV-pyrrolyl substituted phosphines have been shown to 
be of catalytic relevance. For example, the rhodium(I) complexes of N-pyrrolyl
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substituted phosphines have been used to catalyse the hydroformylation of 
hex-l-ene111 and the hydrogenation of olefins and arenes.112
1.8 Phosphorus-31 NMR
P NMR spectroscopy has been shown to be of immense importance in the 
study of phosphorus containing compounds, allowing detailed analysis of the type of 
substituents at the phosphorus atom and its coordination modes.
1.8.1 Chemical Shifts
31P chemical shifts normally fall within the range ± 250 ppm relative to 85% 
H3PO4, though a number of notable exceptions have been observed, for example 
chemical shifts as low as -460 and as high as +1362 ppm have been recorded for P4 
and [tBuP{Cr(CO)5}2] respectively.
A number of empirical observations have been made in which the range of 
factors affecting the 31P chemical shifts of the free phosphine (PX3) have been 
reviewed.113 These showed that the X-P-X bond angle, the nature of the substituent 
group X and the electronegativity of X were some of the major factors affecting the 
value of P chemical shifts. Increasing the steric bulk of the substituents, such that 
the X-P-X (where X = C) bond angle increases, was observed to result in the chemical 
shift moving to lower field. For example, P(CH3)3 8(P) -62 ppm and P*Bu3 8(P) +61.9 
ppm. The effects of changing the substituent X [X= C(CH3)3, Si(CH3)3, Ge(CH3)3 and 
Sn(CH3)3] has also been shown to result in marked changes to the 31P chemical shifts, 
with the chemical shift moving to higher field with increasing atomic number o f X.
Other factors have also been shown to effect the value of the phosphorus 
chemical shift on coordination of the phosphine to a transition metal. The value o f the
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phosphorus chemical shift has been observed to be dependent on the oxidation state of 
the metal and on the tram influence of the remaining ligands in the complex. The 
formation of chelate rings has also been shown to have a significant effect on the 
value of the 31P chemical shifts.114 Formation of a 5-membered ring resulted in 
deshielding of the phosphorus resonance by 21 to 33 ppm, whereas on formation of a
4- or 6-membered chelate rings the phosphorus resonance was shifted to higher field 
by between 2 to 25 ppm. This effect has been suggested115 to be due to changing 
hybridisation of the phosphorus, on changing the bond angles at the phosphorus in 
different ways depending on the size of the ring formed.
1.8.2 Metal-Phosphorus Coupling Constants ^(PjM)
The coupling constant term is made up of three components that arise from 
nucleus-electron interactions.116 These three terms are due to: (1) the interaction of the 
magnetic moment of one nucleus with the field produced by the orbital motion of the 
electrons, which in turn interacts with the second nuclear moment, (2) dipole 
interaction involving the electron spin magnetic moments and the final contribution 
(3) which is known as the Fermi contact term is due to the spins of the electrons in 
orbitals (derived from s atomic orbitals). In cases where the orbital and dipolar terms 
are of little importance, the one-bond coupling constant can be approximated such that 
it is dependent on the amount of s orbital character in the intemuclear bond. This 
means that the hybridisation of the atoms involved plays a significant role in the 
actual value of the one-bond coupling constant.113 This approximation is only useful 
as a rough guide, as the errors introduced by this simplification for metal-phosphorus 
coupling constants can be significant.
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General trends in metal-phosphorus coupling constants have shown the 
presence of a relationship between the chemical environment of the metal and the 
value of ^(PjM). In particular ^(PjM) is dependent on the oxidation state of the 
metal, the tram influence of the remaining ligands in the complex, the size of the 
chelate ring formed and the type of phosphorus ligand.
Changes in the oxidation state of the metal have been observed to result in 
large differences in ^(PjM), for example the !J(P,Pt) values for Pt(IV) are smaller 












1J(P,Pt) = 1455 Hz 1J(P,Pt) = 2397  Hz 1J(P,Pt) = 3740 Hz
The metal-phosphorus coupling constant trans to a ligand with a small tram 
influence such as a halogen or oxygen ligands, has been observed to be significantly 
larger than the equivalent phosphine tram to a ligand with a much larger tram 
influence, such as a phosphine or an alkyl group. For example, this trend is observed 
in the complex c/s-[PtClMe(PEt3)2 ]113 in which there are two different metal- 
phosphorus 1J(P^Pt) coupling constants, 4179 Hz (phosphorus tram to chloride), and 
1719 Hz (phosphorus tram to methyl).
The size of the chelate ring has been observed to have an effect on the 
metal-phosphorus coupling constant, though the size of these changes is often small.
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The general trend appears to be that the value of ’j(P,M) increases in the order
5-membered > 6-membered > 4-membered chelate rings. For example, the complexes 












CIN ,P  
Pt
C l/  NP 
Ph2
1J (P P t) = 3078  Hz 1J (P P t) = 3618 Hz 1J (P P t) = 3420 Hz
The effect of substituting a more electronegative group for carbon on 
phosphorus has been observed to generally result in an increase in the 
metal-phosphorus coupling constant. Such a trend is observed for the complex 
[W(CO)5(PX3)] (X = F, Cl, Br and Bun) for which increasing the electronegativity of 
the substituent X resulted in an increase in the value of !J(P,W) (Table l).113
Table 1 Values of !J(P,W) for the complexes [W(CO)5PX3]
X = F Cl Br Bun
1J(P,W)/Hz 485 426 398 227
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Phosphines are one of the most important groups of ligands in coordination 
and organometallic chemistry, in part due to the ready customisation of their 
electronic and steric properties. The ability to easily modify the properties of 
phosphine ligands has been crucial in the development of their transition metal 
complexes as homogeneous catalysts for a vast range of processes.
In contrast to the considerable chemistry of phosphines and phosphites, the use 
of phosphinoamines (also called aminophosphines) containing P-N bonds remains 
relatively undeveloped. One potential reason for the lack of interest in the chemistry 
of phosphinoamines is the assumed ease of P-N bond cleavage.1 However, the mild 
reaction conditions required for the synthesis of phosphinoamines means that they 
may be a convenient source of bifunctional phosphines, containing an additional 
functionality. Phosphinoamines that contain P-N bonds have been know for many 
years, ’ but incorporation of additional functionalities within these ligands has been 
given little attention.4,5,6
The incorporation into phosphines of functional groups that contain additional 
donor atoms such as an ether oxygen is of potential interest in the synthesis of 
complexes suitable for catalysis. The combination of a phosphorus atom, which forms 
strong bonds to a late transition metal, and a more labile ether oxygen atom, provides 
the donor combination required for reversible monodentate-bidentate coordination.7 
The weakly coordinated end of the ligand may undergo facile dissociation generating 











2.1 Results and Discussion
2.1.1 Synthesis of Ether-Functionalised Phosphinoamines
It is possible to synthesise phosphinoamines of the general formula PI12PNHR
r / o
using mild reaction conditions ’ ’ thus allowing incorporation of additional 
functionalities into the R group. The synthetic route is based on the deprotonation of 
the functionalised amine using NEt3 followed by the reaction with Ph2PCl. The 
solvent used is THF due to the insolubility of NEt3H+Cl\ which precipitates on 
formation, thus driving the equilibrium over to the formation of the phosphinoamine. 
This route was used in the synthesis of a range of phosphinoamine ligands containing 
ether functionalities (Scheme 1).
S ch em e 1 
H2NR + Et3N





Et3NH+RHN‘ ---------- ► Ph2PNHR + Et3NH+CI
THF
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The ligands L^-L4 were synthesised in high yield as colourless or pale yellow 
oils, and characterised using multinuclear NMR and infrared spectroscopy and 
microanalysis. The 31P{1H} NMR spectra for L*-L4 showed single phosphorus 
resonances in the range 8(P) 41-43 ppm for I^-L3 and 5(P) 27.2 ppm for L4 (Table 1). 
The 31P{!H} NMR chemical shift for L4 is similar to other Ph2PNHAr ligands such as 
the recently reported Ph2PNH(C6H4)C(0)Me-2 [5(P) 25.6ppm]5 and
C6H4(NHPPh2)2-l,2 [8(P) 32.5 ppm].6 The difference between 6(P) for L*-L3 and 6(P) 
for L4 can be attributed to the different electronic and steric properties of the alkyl and 
aryl substituents on the nitrogen atom.9
Table 1 Selected 31P{1H}, lH NMR and infrared data for compounds L!-L6.
Compound 8(P)/ppm 8(NH)/ppm
L1 Ph2PNHCH2CH2OCH3 42.0 2.46m 3370m
L2 Ph2PNHCH2CH2CH2OCH3 41.9 2.20m 3370m
L3 Ph2PNHCH2CH(OCH3)2 42.9 2.23m 3368m
L4 Ph2PNH(C6H4)OCH3-2 27.2 5.32d 3381m
L5 (Ph2P)2NCH2CH2OCH3 65.1 - -
L6 Ph2P(S)NH(C6H4)OCH3-2 52.7 5.66d 3366m
The *H NMR spectra for L!-L4 were as expected: L1 and L2 gave signals for 
the methylene, methyl and NH groups, L3 showed signals for the methylene, methine, 
methyl and NH groups and L4 showed distinctive signals for the methyl and NH 
groups (Table 1 & Experimental Section). The 13C{1H} NMR spectra for L*-L3 
showed the expected signals due to the diphenylphosphino unit, and well-defined 
signals for the alkyl chain carbon atoms and the terminal methyl group. The
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0 Imethylene carbons showed coupling [ J(C,P) » 10 Hz and J(C,P) « 6 Hz] to the 
phosphorus nuclei.
The bis(diphenylphosphino)amine (Ph2P)2NCH2CH20Me (L5) was 
synthesised by both a one step and a two step process (Scheme 2).
Ph2PNHCH2CH20CH3 + Et3NH+CI'(s)
1) Et3N, 2) Ph2PCI 
THF
(Ph2P)2NCH2CH2OCH3 + Et3NH+CI'(s)
The 3lP{ !H} NMR spectra confirmed that the products of both these synthetic 
routes were identical, showing a singlet at 8(P) 65.1 ppm. Both the *H NMR and IR 
spectra confirmed the absence of the NH group.
During the syntheses of I /-L 5 the 31P{!H} NMR spectra sometimes showed 
the presence of a by-product observed as a pair of doublets [5(Pa) 36.8 ppm, 8(Pb) 
-22.1 ppm, ^(PP) 228 Hz]. This was identified as tetraphenyldiphosphine monoxide, 
Ph2PP(0)Ph2, formed from the reaction between trace amounts of water and PI1 2PCI 
in the presence of NEt3. Consequently care has to be taken to exclude water from the 
reaction mixture during synthesis.
The ligands L!-L5 are moisture sensitive, decomposing in wet solvents or on 
exposure to air to give a number of phosphorus containing products including 
Ph2PP(0)PPh2 and Ph2P(0)0H [8(P) «25 ppm].10 The P-N bond can also be cleaved
Schem e 2
1) Et3N, 2) Ph2PCI
H2NCH2CH2OCH3 ------------------------- -
THF
1) 2Et 3N , ^
2) 2P h2PCI, 
THF
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by reaction with an alcohol ROH to give the diphenylphosphinite Ph^POR.11,12 To 
compare the sensitivity of the P-N(aryl) and P-N(alkyl) bonds to alcoholysis, the 
phosphines L1 and L4 were reacted with excess methanol in dichloromethane solution.
*11 1 AP{ H} NMR studies showed that complete conversion of L to Pl^POMe occurred 
within 30 minutes, whereas the analogous reaction with L1 took over 24 hours to 
reach completion. The ease in which the P-N bond in L4 is cleaved by methanol is in 
marked contrast to the stability of the P-N bond in the previously reported 
phosphinoamine C6H4(NHPPh2)2-l,2 , which is air stable indefinitely.6
Oxidation of the phosphorus atoms by oxygen, sulfur or selenium (E), has 
been shown in the related systems to yield products such as Ph2P(E)NHPPh2, 
Ph2P(E)NHP(E)PPh2 and C6H4 {NHP(E)Ph2}2, which are able to coordinate to metal 
centres through the lone pairs of E.13 Oxidation of the ether-functionalised 
phosphinoamine L4 was achieved by reaction with sulfur in a THF solution at room 
temperature to give the phosphorus(V) compound Ph2P(S)NH(C6H4)OMe-2 (L6) 
(Scheme 3), with no cleavage of the P-N bond. This compound was characterised on 
the basis of multinuclear NMR and infrared spectroscopy. In the 31P{!H} NMR 
spectrum a singlet was observed at 5(P) 52.7 ppm, and in the !H NMR spectrum 
5(NH) was observed as a doublet at 8(H) 5.66 ppm, [2J(H,P) = 8 Hz]. The 31P{1H} 




Ph2NH(C6H4)OCH3-2 ______ ► Ph2P(S)NH(C6H4)OCH3-2
THF
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2.1.2 Complexes of the Ether-Functionalised Phosphinoamines
2.1.2.1 Synthesis of [MCI2L2] (M = Pd and Pt)
The reaction of two equivalents of phosphinoamines L*-L4 with [MCbCcod)] 
(M = Pd or Pt) in dichloromethane gave virtually quantitative yields of the complexes 
[MCI2L2] (L = L1-!/). These compounds were characterised on the basis of 
microanalysis, infrared and multinuclear NMR spectroscopy (see Experimental 
Section).
2.1.2.1.1 Characterisation of [PdCl2L2J (L = L!-L4)
The 31P{!H} NMR spectra of the complexes [PdCfel^] for L1, L2 and L3 
showed two phosphorus resonances, which were assigned to the cis and trans isomers. 
The formation of an equilibrium mixture of these isomers was observed by following
Table 2 Selected 31P{!H}, lH NMR and infrared data for complexes 1-4.
Complex 8(P)/ppm 5(NH)/ppm 5(OCH3)/ppm v(NH)/cm''
1 frans-[PdCl2 (L')2] 46.4s 4.28m 3.22s 3351w
cis-[PdCl2(L')2] 59.0s 4.40m 3.28s -
2 frara-[PdCl2(L2)2] 46.4s 4.11m 3.19s 3332w
c«-[PdCl2(L2)2] 58.8s 4.47m 3.23s -
3 p-ans-[PdCl2(L3)2] 46.9s 4.29m 3.25s 3331w
cis-[PdCl2(L3)2] 59.2s 4.42m 3.23s -
4 fra«s-[PdCl2(L4)2] - - - 3300w
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the slow isomerisation of the crystallographically characterised isomers 
trans-[P d C ^L 1^ ] (1) and trans-[PdCl2(L3)2] (3) (see below) over a period of 24 
hours. The 31P{1H} NMR spectra in both cases showed a 1:1 mixture of the cis and 
tram isomers at equilibrium in CDCI3 . The chemical shifts for the trans isomers are 
in the range 8(P) 46-47 ppm, while the chemical shifts of the cis isomers are in the 
range 8(P) 58-59 ppm (Table 2).14 The difference in the chemical shifts (AS) between 
the cis and tram isomers are similar to other [PdCl2(PPh2NHR)2] complexes, such as 
the recently reported [PdCl2(PPh2NHP(0)Ph2)2] [5(P),ram 46.7 ppm, 5(P)«* 58.3 
ppm],15 which like 1 and 3 exists in the tram form in the solid state and as a cis-tram 
mixture in solution, though in this case with a ratio of 1:3.7 of the cis and tram 
isomers at equilibrium in CDCI3 .
The NMR spectra were as expected, with distinctive signals for the 
methylene, methine (where relevant), methyl and NH protons for the two isomers. 
Signals for the cis and tram isomers can be readily assigned, as spectra recorded after 
several minutes show only the tram  isomer. [PdCl2L2] crystallises exclusively as the 
tram isomer (Section 2.1.2.1.3) and in all cases one v(NH) vibration was observed in 
the solid state infrared spectrum. The complex [PdCl2(L4)2] (4) was insoluble in 
common solvents so only characterised on the basis of microanalysis and infrared 
spectroscopy (see Experimental Section). The infrared spectrum of complex 4 showed 
a similar pattern to those observed for 1, 2 and 3 with the presence of only one band 
for v(NH) suggesting that 4 also exists as the tram isomer in the solid state. The FAB 
mass spectrum of complex 1 showed the presence of a very weak peak at m/z 697 for 
[M]+, with the next highest observed peak at m/z 661 for [M - C/]+. The spectrum of 
complex 3 showed a peak at m/z 756 corresponding to [M + H]+.
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2.1.2.1.2 Characterisation of cw-[PtCl2L2] (L = L1, L3 and L4) and cis-fPtB^CL1^ ]
The 31P{,H} NMR spectra for cw-[PtCl2L2] [L = L1 (5) L3 (6) and L4 (7)] and 
cw-[PtBr2(L1)2] (8) show a single phosphorus resonance with platinum satellites 
(Table 3 and Figure 2). The chemical shifts of these complexes are similar to other 
[PtCl2(PPh2NHR)2] complexes, such as cw-[PtCl2(PPh2NHP(0)Ph2-P)2] 6(P) 35.7 
ppm, [!J(P,Pt) 3955 Hz].15 The !J(P,Pt) values for complexes 5-7 (Table 3), are typical 
of phosphines trans to a ligand with a relatively weak trans influence such as a 
chloride,14 indicating the phosphines are mutually cis. This is typical of reactions of 
[PtCl2(cod)].15,16 The 31P{JH} NMR spectra for complexes 5, 6 and 7 did not show











5 c/i-[PtCI2(Ll)2] 35.5 3940 4.08m 3.14s 3380, 3293w
6 cfc-[PtCl2(L3)2] 35.8 3940 4.09m 3.14s 3350, 3247m
7 c/s-[PtCl2(L4)2] 30.1 3934 6.82m 3.65s 3371,3199m
8 c«-[PtBr2(L*)2] 36.7 3904 3.97m 3.16s 3399, 3293m
the presence of any cis-trans isomerisation occurring within solution. The ]H NMR 
spectra of 5, 6 and 7 were as expected. The infrared spectra of all three complexes 
showed two weak bands for v(NH), which is in contrast to complexes 1-4, which 
show only one band. The complexes 5 and 7 showed the expected parent ion peaks at 
m/z 785 and 880 respectively in the positive-ion FAB mass spectra.
The reaction of two equivalents of the phosphine L1 with [PtBr2(cod)] in 
dichloromethane gave the complex ds-fPtBr^L1^ ] (8). The ^(PjPt) of 3904 Hz is
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typical for a phosphine trans to a bromide, again indicating the phosphines are 
mutually cis. The *H NMR was virtually identical to that for 5, with a small shift to 
high field for the amine hydrogen [A5(NH) = 0.08 ppm].
Figure 2
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2.1.2.1.3 X-ray Crystal Structures of trans-[FdC\i(V)2] (1) and 
fnnis-[PdCl2(L3)2] (3)
Compounds 1 and 3 were recrystallised from dichloromethane-diethyl ether as 
yellow needle shaped single crystals suitable for X-ray crystallographic studies. The 
crystal structures confirmed the proposed formulations; selected bond lengths and 
angles are given in Table 4 and 5.
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Table 4. Selected bond lengths [A] and angles [°] for complex 1.
Pd(l)-Cl(l) 2.2963(10) 0(1)-C(15) 1.420(5)
Pd(l>P(l) 2.3158(10) 0(1)-C(14) 1.410(5)
P(1)"N(1) 1.643(3) C(13)-C(14) 1.513(6)
N(l)-C(13) 1.464(5)
Cl(l)-Pd(l)-P(l)' 88.49(4) C(15)-0(l)-C(14) 112.5(3)
Cl(l)-Pd(l)-P(l) 91.51(4) N(l)-C(13)-C(14) 109.6(3)
N(l)-P(l)-Pd(l) 111.59(13) 0(1)-C(14)-C(13) 107.5(3)
C(13)-N(l)-P(l) 127.6(3)
Primed atoms generated by the symmetry transformation -x, -y9 -z+1.
Table 5. Selected bond lengths [A] and angles [°] for complex 3.
Pd(l)-Cl(l) 2.2957(12) 0(1)-C(14) 1.419(6)
Pd(l)-P(l) 2.3304(12) 0(2)-C(14) 1.398(5)
P(1)"N(1) 1.644(4) 0(2)-C(15) 1.445(6)
N(l)-C(13) 1.456(5) C(13)-C(14) 1.499(6)
0(1)-C(16) 1.405(7)
Cl(l)-Pd(l)-P(l) 88.23(4) C(14)-0(2)-C(15) 113.2(4)
Cl( 1 )-Pd( 1 )-P( 1)' 91.77(4) N(l)-C(13)-C(14) 110.7(4)
N(l)-P(l)-Pd(l) 111.31(14) 0(2)-C(14)-0(l) 111.9(4)
C(13)-N(l)-P(l) 127.9(3) 0(2)-C(14)-C(13) 107.2(4)
C(16)-0(l)-C(14) 114.8(4) 0(1)-C(14)-C(13) 112.5(4)
Primed atoms generated by the symmetry transformation x, -y, -z.
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The asymmetric units of complexes 1 and 3 contain only half of the molecule, 
with the remaining portion in both cases being generated by inversion through a 
centre of symmetry on which the palladium atom sits with half-site occupancy.
The palladium(II) centres in complexes 1 and 3 are approximately square 
planar with cis angles of 88.49(4) and 91.51(4)° for 1, and 88.23(4) and 91.77(4)° for 
3, with the two monodentate phosphine ligands arranged mutually trans to each other.
The sum of the angles around the nitrogen atom in complexes 1 and 3 are 354° 
and 360° respectively, indicating the nitrogen atoms have significant sp2 character.
The Pd-P and Pd-Cl bond lengths in 1 and 3 are unremarkable.17 The P-N 
bond distance in complexes 1 [1.643(3) A] and 3 [1.644(4) A] are shorter than the 
generally accepted range for P-N single bonds {e.g. 1.689-1.727 A  in
iV-piperidinophosphines18). This shortening of the P-N bond length has been 
previously ascribed to the overlap of the nitrogen lone pair with the P-C a* 
orbitals.12,19
The structure of 1 (Figure 3) shows the presence of an intramolecular 
hydrogen bond between the NH proton of N (l) and the chloride ligand Cl(l) 
[N(1)'“0 (1 ) ’ 3.170(3), H ( l) -0 (1 ) ' 2.54(4) A; N(1)-H(1)-C1(1)T26(3)°]. N -H -C l 
hydrogen bonds have been observed in a number of other complexes containing both 
phosphinoamines and chloride ligands cis to each other.15,20,21 In these previous 
examples, N —Cl distances range from 3.00 to 3.12 A, and H—Cl distances from 2.1 to
2.5 A. The presence of a much weaker interaction between the NH proton of N (l) and 
the ether oxygen 0(1) [N (l)-0 (1 ) 2.777(4), H (l)-0 (1 )  2.42(3) A; N (l)-H (l)-0 (1 ) 
104(2)°], is suggested by the orientation of the ether group (see Figure 3). Similar 
weak components of bifurcated hydrogen bonds have been observed in the crystal 
structures of nucleosides and nucleotides. The hydrogen bonding can therefore be
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more accurately described as an unsymmetrical bifurcated hydrogen bond. The 
interaction with the ether oxygen atom is weak as a result of the unfavourable angular 
geometry of the strained 5-membered hydrogen-bond ring.
The structure of 3 (Figure 4) shows a similar unsymmetrical bifurcated 
hydrogen bond as in 1, with one of the ether groups of L3 orientated towards the NH 
proton of N(l), though the NH—O hydrogen bond is longer than in 1 [N(l)—Cl(l)'
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3.140(3), H (l)—Cl(l)' 2.49(3) A; N(1)-H(1)-C1(1)'131° and N (l)-0 (1 ) 2.860(4), 









2.1.2.1.4 Reactions of [MC12L2] (M = Pd and Pt)
2.1.2.1.4.1 Abstraction of Chloride from c/s-[PtCI2L2] (L = L1 and L4) and 
trans-[V&C\2( l} ) 2\
To examine the potential bidentate coordination of the ether-functionalised 
phosphinoamines, the complexes c/s-[PtCl2L2] (L = L1 and L4) and tams-jPdChCL1^ ] 
were reacted with AgBF4 (Scheme 4). Two equivalents (or a slight excess) of AgBF4 
was added to c/s-[PtCl2 L2] (L = L1 and L4) and rratts-fPdC^L1^ ] in 
dichloromethane, with the rapid formation of silver chloride. The products were
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characterised as cw-[Pt(L-/>,0 )2](BF4 ) 2  [L = L1 (9) and L4 (10)] and 
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9 m - [ P t ( L , - / > , 0 ) 2] ( B F 4)2 39.6 4346 3.87m 3.77s 3326w
10 m - [ P t ( L 4- P , 0 ) 2] ( B F 4)2 27.7 4162 6.48d 3.79s 3296w
11 trans-[Pi(V-P, 0 ) 2] ( B F 4) 2 80.1 - 4.07m 3.65s 3316w
12 [ P d ( n - C 1 ) ( L ' ) 2] 2 ( B F 4)2 61.4 - 4.39br 3.26s 3274w
13 c w - [ P t ( L ‘ ) 2 ( C N X y l ) 2] ( B F 4 ) 2 38.6 2069 4.83m 3.17s 3306w
14 c / i - [ P t ( L 1) 2 ( N C C H 3) 2 ] ( B F 4) 2 25.9 3924 4.33m 3.27s 3305w
The 31P{,H} NMR spectra for [Pt(L-JP,0)2](BF4)2 (L = L1 and L4) show single 
phosphorus resonances with platinum satellites (see Table 6). The increase in ^(PjPt) 
for complexes 9 and 10 relative to complexes 5 and 7 (AJ = +406 for L1, +228 Hz for 
L4) is indicative of the phosphine lying trans to a weaker tram influence ligand such
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as an ether oxygen atom.23 Further evidence to support the coordination of the ether 
oxygen atoms is observed in the NMR spectra, where the chemical shifts show 
deshielding of the methoxy protons (A8 = 0.63 ppm for 9 with respect to 5, 0.14 ppm 
for 10 with respect to 7). Similar deshielding is also observed in the chemical shift of 
the methylene protons of 9, which are now attached to a 6-membered chelate ring. In 
the complex [Pt{PPh2(C6H4)NMe2-2 }2](C104)2 a similar downfield shift in the 
NMR spectrum for the methyl protons is observed on coordination of the NMe2 
group.24 In contrast to the deshielding of the methyl and methylene protons, the NH 
protons show significant shielding on formation of the chelate rings (A8 = -0.21 ppm 
for 9 with respect to 5, -0.34 ppm for 10 with respect to 7). This is likely to be due to 
the loss of hydrogen bonding to the NH protons.
Extraction of the chloride ligands from the complexes cis- [PtCkfl.'jd 5 [8(P)
35.5 ppm] and cis-[PtCl2(L4)2] 7 [8(P) 30.1 ppm] can lead to either a small increase 
[8(P) 39.6 ppm 9, A8 = +4.31 ppm] or a small decrease [8(P) 27.7 ppm 10, A8 = -2.4 
ppm] in the observed chemical shift. It would appear that two opposing factors are 
affecting the phosphorus chemical shifts: formation of a six membered chelate ring 
containing the phosphorus atom leads to 8(P) being shifted to higher field,14 whereas 
replacement of the chloride by a weaker trans influencing ligand results in 8(P) being 
shifted to lower field.14
The 31P{1H} NMR spectrum for trans-[Pd(l}-P,0 )2](BF4)2 (11) showed a 
single phosphorus resonance at 8(P) 80.1 ppm. This is significantly deshielded 
relative to 2 [8(P) 46.4 ppm]. As in the platinum containing complexes 9 and 10, the 
!H NMR spectrum of 11 shows the deshielding of the methoxy protons (A8 = 0.43 
ppm for 11 with respect to 1) and the methylene protons, as well as the shielding of 
the NH proton (A8 = -0.21 ppm for 11 with respect to 1). These features are again
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consistent with the coordination of the ether oxygen atom forming a 6 -membered 
chelate ring. Due to the moisture sensitivity of 11, microanalysis was not successfully 
obtained.
The reaction of 1 with only one equivalent of AgBF4 (Scheme 5) did not lead 
to the formation of a P.O-coordinated phosphinoamine, but instead gave exclusively 
the chloro-bridged dimer [Pd(p-C1)(L1)2 ]2 (BF4 ) 2  (12) which was characterised on the 
basis of microanalysis, FAB-MS, multinuclear NMR and infrared spectroscopy. The 
!H NMR spectrum showed the methoxy (A8  = +0.04 ppm for 12 with respect to 1), 
methylene and NH protons were all very slightly deshielded with respect to 1, in 
marked contrast to the observations for complexes 9-11.
Lindner and co-workers have previously shown that the reaction of 
fr*<ms-[PdCl2L2 ] (L = range of ether-phosphines) with one equivalent of AgClC>4 
resulted in the formation of the cationic complexes [PdClL2 ]+, containing one 
bidentate P.O-coordinated phosphine and one unidentate P-coordinated phosphine. 
Only for ether-phosphines in which the oxygen atom is less basic were dimers 
observed. In this case, the formation of the chloro-bridged dimer 12 is likely to be the 




2AgBF4 Ph2P\ ,CI PPh2 
Pd Pd
CH2CI2 Ph2P ' NCI > P h 2\ /
NH HN
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2.1.2.1.4.2 Lability of Coordinated Ether Oxygen
The lability of the coordinated ether oxygen in complexes 9 and 10 should 
allow this atom to be readily displaced.
The reaction of two equivalents of xylyl isocyanide with 9 in dichloromethane 
gave the complex cw-[Pt(L1)2(CNXyl)2](BF4)2 (13). This compound was 
characterised on the basis of microanalysis, multinuclear NMR and infrared
o  i  -i
spectroscopy. The P{ H} NMR spectrum showed a single phosphorus resonance 
with platinum satellites [5(P) 38.6 ppm, ^(PJPt) 2069 Hz]. The considerably reduced 
coupling constant in 13 relative to 5 and 9 is consistent with the higher 
fraws-influence of the isocyanide ligand relative to Cl’ and O-donors respectively.27 
The infrared spectrum of 13 showed a band for the NH group [v(NH) 3306 cm’1], and 
a characteristic band for the terminally coordinated isocyanide group [v(CN) 2214 
cm’1].
The reaction of an excess of acetonitrile with 9 in dichloromethane gave the 
complex c/5-[Pt(L1)2(NCCH3)2](BF4)2 (14), which was characterised on the basis of 
multinuclear NMR and infrared spectroscopy. The 31P{1H} NMR spectrum showed a 
single phosphorus resonance with platinum satellites [§(P) 25.9 ppm, !J(P,Pt) 3924 
Hz]. The !H NMR spectrum was as expected with distinctive signals for the 
methylene, methyl and NH groups of the ligand L1 as well as a signal for the methyl 
group of acetonitrile [8(CH3) 2.00 ppm]. The infrared spectrum of 14 showed a broad 
band for the NH group [v(NH) 3305 cm'1]. This compound was found to be very 
moisture sensitive and as such proved difficult to characterise fully. Reaction o f 9 
with CO led to decomposition to platinum metal. This is not surprising as compounds 
of the type [Pt(CO)2(PR3)2]2+ are unknown 23
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2.1.2.1.4.3 Methanolysis of the P-N Bonds of Coordinated Phosphinoamines
Cleavage of the P-N bond was observed to readily occur on reaction of the 
free ligand L1 with an excess of methanol (Section 2.1.1). In order to compare the 
stability of the P-N bond in the free ligand with that of the coordinated ligand, excess 
methanol was added to a dichloromethane solution of the complex [PdCfeCL1^ ]. After 
one hour the 31P{1H} NMR spectra showed no change, demonstrating that 
coordination stabilises the P-N bond to cleavage by methanol. This is in marked 
contrast to diphosphazanes (Ph2PNRPPh2) for which the free phosphines are stable in 
methanol at room temperature for several days, but on coordination the P-N bonds 
readily undergoes cleavage.11 Similarly, Ph2PNHP(0)Ph2 is activated to methanolysis 
on coordination to platinum.21
2.1.2.1.4.4 Synthesis of c /s - IP tX ^ O ^ ^ 1)^  [X = Cl and Br] and 
c«-[Pt(N 02)2(L1)2]
The substitution of one or both of the halides from cis- [PtX2(L‘)2](X  = Clan<i 
Br) by a nitrite group was carried out to assess the ease of Pt-X bond substitution and 
determine the effects of substitution on the intramolecular hydrogen bonding.
An excess of aqueous sodium nitrite was reacted with complexes 5 and 8 in 
acetone. The reactions were followed by 31P{1H} NMR spectroscopy, and this 
showed the formation of the complexes cw-[PtX(N02)(L1)2] [X = Cl (15) and Br (16)] 
(Table 7) reached a maximum yield after approximately 4 hours. On continuation of 
the reaction for a further 24 hours, 31P{1H} NMR spectroscopy showed that the 
complex cw-[Pt(N02)2(L1)2] (17) was the major product in both cases, but it did not 
prove possible to isolate this compound from the reaction mixture.
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cis-[PtCl(N02)(L')2] 33.8 4115 24 4.4, 3.20, 3396,
(15) 25.5 3186 3.5 3.17 3264w
cis-[PtBr(N02 )(L')2] 33.8 4101 23 4.2, 3.21, 3397,







Complexes 15 and 16 were characterised on the basis of microanalysis, 
multinuclear NMR and infrared spectroscopy. The 3 1P{1H} NMR spectra of 15 and 16 
(Figure 5) both showed two well-separated doublets each with platinum satellites.
Figure 5
i— i— |— i— i— i— i— |— i— •— i— i— i— i— '— i— '— i— < 1 • 1
50 40 30 20 I'
( A )  =  c w - [ P t B r 2 ( L ! ) 2 ]  a n d  ( B )  =  c w - [ P t ( N 0 2) 2( L 1) 2]
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This coupling pattern is the result of the two phosphorus atoms becoming inequivalent 
due to the substitution of one halide by a nitrite. For the two phosphorus atoms to be 
inequivalent, the phosphines must still be cis to each other. This is further supported 
by the coupling constants ^(PjPt) for complexes 15 and 16. The doublets can be 
assigned on the basis of ^(PjPt)* the value of which is greater for the phosphorus 
atom trans to the halide.
Two sets of resonances were as expected observed in the *H NMR of 
complexes 15 and 16 for 8 (NH), S(CH3) and 8 (CH2) (see Experimental Section). 
Comparison of the !H NMR spectra of 15 and 16 with those for cis-IPtCfcCL1^ ] (5) 
and cw-[PtBr2(L1)2] (8) show that one of the amine hydrogen atoms has become 
significantly shielded (AS = -0.58 ppm for 15 with respect to 5, AS -0.67 ppm for 16 
with respect to 8 ). This shielding of one of the NH protons is likely to be a 
consequence of the loss of the intramolecular N-H—X hydrogen bonding for this 
proton. The infrared spectra of complexes 15 and 16 showed two weak bands for the 
v(NH). The FAB mass spectrum of complex 16 did not show the parent ion; the 
highest observed peak was at m/z 793 for \M - N O $ .
The 31P{iH} NMR spectra of cw-[Pt(N0 2 )2(L1)2] (17) shows a single 
phosphorus resonance with platinum satellites. The different electronic effects of the 
halide and nitrite on !J(P,Pt) is reflected in the coupling constant for 17 which is 570 
Hz less than that for 5. The *H NMR spectra of 17 (Table 7) shows that both the NH 
protons have been shielded when compared to the NH protons in 5 and 8 , again 
consistent with a loss of N-H—X hydrogen bonding.
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2.1.2.1.4.4.1 X-ray Crystal Structure of cis-JPtBi^NOiXL1)!] (16)
Compound 16 was recrystallised from dichloromethane-hexane as colourless 
block shaped single crystals suitable for X-ray crystallographic studies. The crystal 
structure (Figure 6 ) confirmed the proposed formulation. Selected bond lengths and 
angles are given in Table 8 .
Table 8 . Selected bond lengths [A] and angles [°] for complex 16.
Pt(l)-P(l) 2.256(2) P(2)-N(2) 1.661(5)
Pt(l)-P(2) 2.2684(14) N(l)-C(13) 1.471(8)
Pt(l)-Br(l) 2.4889(8) N(2)-C(28) 1.475(8)
Pt(l)-N(3) 2.150(6) N(3)-0(l) 1.2235(14)
P(l)-N(l) 1.653(5) N(3)-0(2) 1.2246(10)
N(3)-Pt(l)-Br(l) 83.19(12) N(l)-P(l)-Pt(l) 110.9(2)
N(3)-Pt(l)-P(l) 91.91(12) C(13)-N(l)-P(l) 127.8(4)
N(3)-Pt(l)-P(2) 173.86(13) N(2)-P(2)-Pt(l) 1 1 0 .1 (2 )
P(l)-Pt(l)-P(2) 93.78(5) C(28)-N(2)-P(2) 126.6(4)
P(l)-Pt(l)-Br(l) 174.96(4) 0(1)-N(3)-Pt(l) 113.3(5)
P(2)-Pt(l)-Br(l) 91.07(4)
The platinum(II) centre in 16 is distorted square-planar with cis angles 
between 83.19(12) and 93.78(5)°. The two monodentate Pf^PNHCFhCFhOMe 
ligands are arranged mutually cis.
The Pt-P and Pt-Br bond distances in complex 16 are similar to the expected 
values. 17 The P-N bond distances in complex 16 [P(l)-N(l) 1.653(5) A and P(2)-N(2) 
1.661(5) A] are slightly longer than those observed in 1  [1.643(3) A] and 3 [1.644(4)
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A], but are still shorter than that expected for a P-N single bond ( 1 . 6 8  to 1.73 A).18 
The sum of the angles around the N(l) and N(2) atoms is 355 and 352° respectively, 














An intramolecular hydrogen bond was observed between the N(2)-H(2A) 
proton and the bromine atom [N(2)-Br(l) 3.175(4), H(2A)-Br(l) 2.48(6) A; 
N(2)-H(2A)—Br(l) 128(4)°]. As with 1 and 3, the orientation of the ether chain 
suggests the presence of a weak intramolecular hydrogen bond between the oxygen 
atom 0(4) and the N(2 )-H(2 A) proton [N -0  2.791(7) A, H -O  2.67(7) A, N-H--O 
87(4)°]. The crystal structure showed that there was no interaction between the amine 
proton H(1A), and either the ether oxygen atom 0(3) or the oxygen atoms of the 
nitrite group. This relates well to the NMR spectra of 16 in which the chemical
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shifts of the two N-H protons are no longer equivalent, suggesting that the solution 
structure is the same as that in the solid state.
2.1.2.2 Synthesis of [Pd(dmba)CI(L)] (L = and IPt(dmba)CI(L)J (L = L1, L3
and L4)
Complexes 9, 10 and 11 were found to readily decompose in solution, which 
made their characterisation and study difficult. In order to try and increase the 
stability of compounds containing P,O-coordinated ligands L*-L4, a group of 
compounds [M(dmba)Cl(L)] (M = Pd and Pt; Hdmba = N,N-dimethylbenzylamine) 
were synthesised containing only one phosphine ligand per molecule. In these 
cyclometallated compounds the chelating dmba ligand blocks two coordination sites 




M = Pd or Pt
The reaction of two equivalents of phosphine L with the cyclometallated 
complex [M(dmba)(p-Cl) ] 2  (M = Pd or Pt) in dichloromethane resulted in cleavage of 
the chloride bridges to give the complex [M(dmba)Cl(L)] in virtually quantitative
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yield. These compounds were characterised on the basis of microanalysis, infrared 
and multinuclear NMR spectroscopy (see Experimental Section).
2.1.2.2.1 Characterisation of [Pd(dmba)Cl(L)] (L = L*-L4)
The 3 1P{1H} NMR spectra of the complexes [Pd(dmba)Cl(L)] [L = L1 (18), L2 
(19), L3 (20) and L4 (21)] showed single phosphorus resonances, with chemical shifts 
in the range 5(P) 67-69 ppm for 18-20 and §(P) 59.7 ppm for 21 (Table 9). In contrast 
to 1-3, no isomerisation was observed in solution. The NMR spectra of 18-21 were









18 [Pd(dmba)Cl(L')] 68.4 4.41m 3.23s,br 3285m
19 [Pd(dmba)Cl(L2)] 67.6 4.40br 3.19s 3303w,br
2 0 [Pd(dmba)Cl(L3)] 68.4 4.48m 3.25s 3284m
2 1 [Pd(dmba)Cl(L4)] 59.7 6.3d 3.81s 3197w
as expected, though due to the overlap of the methylene and methyl signals of the 
phosphine and dmba, unambiguous determination of the chemical shifts was not 
always possible. The trans N-Pd-P arrangement of the ligands in complexes 18-21 
can be deduced from the observed 4J(H,P) coupling constants to the methyl and 
methylene groups within dmba, 28 [4J(C//3 ,P) » 3 Hz, 4J(C//2 ,P) » 2 Hz] in the ]H 
NMR spectra of 20 and 21, and from the broadness of 8 (NC//3) and 8 (NC//2) in 
complexes 18 and 19. This arrangement of the phosphine trans to the nitrogen has
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been previously observed in [Pd(dmba)Cl(PPh2CH2C(0)0C2H5)]28 and the presence 
of only one of the possible isomers, was ascribed to the lability of the phosphine 
ligand trans to a-bonded carbon. The infrared spectra of all four complexes showed 
one band for v(NH). The positive-ion FAB mass spectrum of complex 18 showed the 
parent ion peak at m/z 535.
2.1.2.2.2 Characterisation of [Pt(dmba)Cl(L)] (L = L1, L3 and L4)
The 31P{,H} NMR spectra for [Pt(dmba)Cl(L)] [L = L1 (22) L3 (23) and L4 
(24)] show single phosphorus resonances with !J(P,Pt) in the range 4460-4470 Hz 
(Table 10). The large value of !J(P,Pt) suggests the phosphine is trans to the nitrogen 
atom of dmba,14 and this is consistent with the geometry adopted in the solid state 
(Section 2.1.2.2.3). From the lH NMR spectra of 22, 23 and 24, the observed coupling











22 (Pt(dmba)Cl(L1)] 42.1 4460 4.23dt 3.25s 3308w,br
23 [Pt(dmba)Cl(L3)] 42.3 4470 4.24dt 3.28s 3294w,br
24 [Pt(dmba)Cl(L4)] 34.8 4464 6.37d 3.80s 3214w,br
between the phosphorus and the methyl and methylene protons of dmba is also 
consistent with this arrangement [4J(C//3,P) * 3 Hz, 4J(C//2,P) * 3 Hz]. 31P{1H} NMR 
spectra of crude samples of 22 showed the presence of an additional compound [5 
53.9, ^(PjPt) 2170 Hz] (Figure 8A). The value of ^(PjPt) is consistent with this peak
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being due to the isomer with the phosphine trans to carbon. On leaving the reaction 
mixture overnight, this compound is converted to 22 (Figure 8B). It has previously 
been shown that the reaction of cyclometallated platinum chloro-bridged dimers with 
pyridines can give either N,N-cis or N,N-trans products, depending on the reaction 
conditions and the substituents on the pyridine ligand.29
(A)
203 05 0 4060
T TT T T T ~T
20




2.1.2.2.3 X-ray Crystal Structures of [Pd(dmba)CI(L')] (18) and 
[Pd(dmba)Cl(L2)l (19)
Complexes 18 and 19 were recrystallised from dichloromethane-pentane and 
dichloromethane-diethyl ether, respectively, as needle shaped single crystals suitable 
for X-ray crystallographic studies. The crystal structures (Figures 9 & 10) confirmed
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the proposed formulation; selected bond lengths and angles are given in Table 11 and 
Table 12.
Table 11. Selected bond lengths [A] and angles [°] for complex 18.
Pd(l)-C(13) 1.955(6) Pd(l)-Cl(l) 2.365(2)
Pd(l)-N(2) 2.141(5) P(l)-N(l) 1.616(6)
Pd(l)-P(l) 2.247(2) N(l)-C(19) 1.470(8)
C(13)-Pd(l)-N(2) 80.1(2) N(2)-Pd(l)-Cl(l) 92.5(2)
C(13)-Pd(l)-P(l) 96.7(2) P(l)-Pd(l)-Cl(l) 92.51(6)
N(2)-Pd(l)-P(l) 169.53(14) N(l)-P(l)-Pd(l) 111.2(2)
C(13)-Pd(l)-0(1) 166.0(2) C(19)-N(l)-P(l) 124.9(4)
Table 12. Selected bond lengths [A] and angles [°] for complex 19.
Pd(l)-C(17) 2.034(4) Pd(l)-Cl(l) 2.3886(11)
Pd(l)-N(2) 2.156(3) P(l)-N(l) 1.649(3)
Pd(l)-P(l) 2.2471(8) N(l)-C(13) 1.455(4)
C(17)-Pd(l)-N(2) 82.72(13) N(2)-Pd(l)-Cl(l) 90.16(9)
C(17)-Pd(l)-P(l) 96.80(10) P(l)-Pd(l)-Cl(l) 90.07(3)
N(2)-Pd(l)-P(l) 177.49(8) N(l)-P(l)-Pd(l) 109.37(10)
C(17)-Pd(l)-0(1) 170.91(10) C(13)-N(l)-P(l) 128.1(2)
The palladium(II) centre in complex 18 shows significant deviation from 
square-planar geometry, with cis angles between 80.1(2) and 96.7(2)°. The complex 
has a slight tetrahedral distortion, with Cl(l) and C(13) lying above (by 0.16 and 0.22
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A respectively), and P(l) and N(2) lying below (by 0.17 and 0.21 A respectively) the 
Pd(l)Cl(l)N(2)C(13)P(l) mean plane. The crystal structure of 19 shows a smaller 
deviation from square-planar geometry about the palladium(II) centre, with cis angles 
between 82.69(13) and 96.82(10)°. The Pd(l), Cl(l), N(2), C(17) and P(l) atoms in 
19 show a much smaller deviation from planarity, with the Cl(l) and the C(17) lying 
below (by 0.04 and 0.05 A respectively), and Pd(l), P(l) and N(2) lying above (by 
0.06, 0.01 and 0.02 A respectively) the Pd(l)Cl(l)N(2)C(17)P(l) mean plane. The 
monodentate phosphines L1 and L2 in complexes 18 and 19 are both located trans to 
the nitrogen atom of dmba, consistent with the NMR data.
Figure 9
The sum of the angles around the N(l) atom of the phosphine ligand L1 in 
complex 18 is 352° and the L2 ligand in 19 is 358°, showing as in complexes 1 and 3
9  I Qsignificant sp character.
The Pd-P and Pd-Cl distances in complex 18 and 19 are similar to those 
previously reported for Pd-P and Pd-Cl bonds. 17 The P-N bond distances in both 18 
[1.616(6) A] and 19 [1.649(3) A], are shorter than would normally be expected for a 
P-N single bond, 18 and in the case of 18 the P-N bond length is significantly shorter 
than those in 19,1 [1.643(3) A] and 3 [1.644(4) A].
Figure 10
The bite angles of the dmba chelate in complexes 18 [80.1(2)°] and 19 
[82.69(13)°] are as expected when compared to other related complexes containing
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this ligand.30 The reduction in the bite angle in complex 18 compared to 19 is 
probably the result of the larger distortion in 18 from a square planar geometry about 
the palladium(II) centre.
As in complexes 1 and 3, the structure of 18 (Figure 9) shows the presence of 
an unsymmetrical intramolecular bifurcated hydrogen bond between the N (l)-H (l) 
proton and both the chlorine Cl(l) and ether oxygen 0(1) atoms, with the major 
component to the chloride [N -C l 3.087(6) H -C l 2.42(5) A, N -H -C l 125(4)°] and 
the minor component to the oxygen atom [N—O 2.904(8), H—O 2.53(5) A, N-H—O 
103(3)°]. The structure of 19 (Figure 10) only shows the presence of a N-H—Cl 
interaction [N -C l 3.087(3), H -C l 2.43(3) A, N -H -C l 137(2)°], due to the ether 
oxygen 0(1) atom being directed away from the N (l)-H (l) proton, so the N-H—O 
interaction is absent [N -O  3.626(4), H - 0  3.39(3) A, N -H -O  100(2)°]. This is 
somewhat surprising, since an intramolecular 6-membered hydrogen-bonded ring 
might have been expected to be more favourable than a 5-membered 
hydrogen-bonded ring, due to the improved geometry for hydrogen-bonding inherent 
in a 6-membered ring.
2.1.2.2.4 Reactions of [M(dmba)Cl(L)] (M = Pd and Pt)
2.1.2.2.4.1 Abstraction of Chloride from [Pt(dmba)Cl(L)] (L = L1 and L4) and 
[Pd(dmba)CI(L1)]
To examine the potential bidentate coordination of the ether-functionalised 
phosphinoamines, the complexes [M(dmba)Cl(L)] (M = Pd, Pt) were reacted with 
Ag+. One equivalent (or a slight excess) of AgBF4 or AgPF6 was reacted with the 
complexes [Pt(dmba)Cl(L)] (L = L1 and L4) and [Pd(dmba)Cl(L1)] in
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dichloromethane, with the rapid formation of silver chloride (Scheme 6 ). The 
resulting complexes were characterised as [Pt(dmba)(L-P,0)](BF4) [L = L 1 (25) and 
L4 (26)] and [Pd(dmba)(L'-/>,0)]X [X = BF4  (27) and PF6 (28)], on the basis of 


















25 [Pt(dmba)(L'-.P, 0)](BF4) 48.8 4396 3.15m,br 3.52 3308w
26 [Pt(dmba)(L4-/>, 0)](BF4) 60.9 4393 6 .0 br 4.17 3390
27 [Pd(dmba)(L'-P,0)](BF4) 75.2 - 3.40br 3.33 -
28 [Pd(dmba)(L1-P,0)](PF6) 69.5 - 3.56m 3.50 -
The 3 1P{'H] NMR spectra for [Pt(dmba)(L-P,0)](BF4) (L = L 1 and L4) show 
single phosphorus resonances with platinum satellites (Table 13). The small decrease 
in the coupling constants between the phosphorus and platinum atoms in complexes 
25 and 26 relative to complexes [Pt(dmba)Cl(L1)] (22) and ]Pt(dmba)Cl(L4)] (24) [AJ 
= -64 for 25 with respect to 22, and -71 for 26 with respect to 24] can be ascribed to 
the combination of several different effects on the value o f 1 J(P,Pt), such as changing
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the ligand cis to the phosphine, the presence of a positive charge on the metal centre 
and the formation of a chelate ring.31
The NMR spectra of complexes 25 and 26 show that the methoxy protons 
are slightly deshielded [AS = 0.27 for 25 with respect to 22, and 0.37 for 26 with 
respect to 24], as are the methylene protons in 25. This downfield shift is consistent 
with ether oxygen coordination and was also observed in both complexes 
c/5-[Pt(Ll-P,0)2](BF4)2 (9) and cu-[Pt(L4-P,0)2](BF4)2 (10) (Section 2.1.2.1.4.1). The 
NH protons show significant shielding on formation of the chelate rings (AS = -1.08 
ppm for 25 with respect to 22, -0.4 ppm for 26 with respect to 24). As in 9 and 10, this 
is likely to be due to the loss of hydrogen bonding between the NH protons and 
chloride ligands.
The 31P{1H} NMR spectrum for [Pd(dmba)(L1-P,0)](BF4) 27 showed a single 
phosphorus resonance [5(P) 75.2 ppm], while complex [Pd(dmba)(L1-P,0)](PF6) 28 
showed a single phosphorus resonance plus a septet due to the PF6‘ counter ion [5(P) 
69.5 ppm, -143.6 ppm, sep, ^(PjF) 711 Hz]. As in complex 25, the !H NMR spectrum 
of 27 and 28 show deshielding of the methoxy [A8 = 0.12 for 27 with respect to 18, 
and 0.26 for 28 with respect to 18] and methylene protons, indicating the coordination 
of the ether oxygen. In addition to significant shielding of the NH proton [A8 = -1.01 
for 27 with respect to 18, and -0.85 for 28 with respect to 18], consistent with the loss 
of the hydrogen bonding.
Unfortunately the solutions of complexes 26-28 in dichloromethane were 
found to decompose, and as a result only 25 could be isolated and purified.
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2.1.2.2.4.2 Lability of the Coordinated Ether Oxygen
The coordinated ether oxygen atoms in 25 and 26 are expected to be relatively 
labile. To access the ease of rupturing the Pt-0 bond, a range of ligands, including 
carbon monoxide (CO), acetonitrile (NCCH3) and xylyl isocyanide (CNXyl) were 
reacted in solution with the complexes [Pt(dmba)(L-/>, 0)](BF4) (L = L1, L3 and L4).
Carbon monoxide was bubbled through dichloromethane solutions of the 
complexes [Pt(dmba)(L-P,0)](BF4) (L = L1, L3 and L4), for approximately 10 
minutes with no obvious colour change to give the complexes 
[Pt(dmba)(L)(CO)](BF4) [L = L1 (29), L3 (30) and L4 (31)] (Scheme 7). These 
compounds were characterised on the basis of microanalysis, infrared and 








The 3 1P{]H} NMR spectra of complexes 29-31 showed single phosphorus 
resonances with platinum satellites (Table 14). Observation of the coupling between 
the phosphorus and the methyl and methylene protons of the dmba ligand with 
platinum satellites in the *H NMR spectra [4J(C//3 ,P) » 3 Hz, 4J(C//2 ,P) * 3 Hz], is 
consistent with 29-31 retaining the trans N-Pt-P arrangement of the ligands as in 
complexes 22-24.
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Complexes 29 and 31 show a significant decrease in 'j ^ P t )  on replacing the 
coordinated ether oxygen atom with a carbonyl ligand. [AJ = -730 for 29 with respect 
to 25 and -697 for 31 with respect to 26]. There are a number of factors that may 
contribute to this decrease in the value o f 1 J(P,Pt) such as a change in the ligand cis to 
the phosphine and the loss of the 6 -membered chelate ring. The high values for the 
v(CO) band, observed in the infrared spectra of 29, 30 and 31 (2114, 2106 and 2105 
cm' 1 respectively) indicate that there is relatively little back-bonding from the
TO nplatinum to the carbonyl. These high values for v(CO) are similar to those observed 
in complexes of the type /ra«s-[PtX(CO)(PR3 )2 ] + .33
Both complexes 30 and 31 were observed to decompose on standing in 
solution to give a black insoluble material, so characterisation by microanalysis was 
not possible. In contrast complex 29 was found to be relatively stable thus allowing 
purification.











29 [Pt(dmba)(L1)(CO)](BF4 ) 38.8 3666 3.57m 3.26br 2114sa
30 [Pt(dmba)(L3 )(CO)](BF4) 39.1 3622 4.12m 3.36s 2106sb
31 [Pt(dmba)(L4)(CO)](BF4) 35.4 3696 5.90m 3.76s 2105sb
(IR a = KBr disk; b = CH2CI2 solution)
The reaction of 25 and 26 with an excess of acetonitrile in dichloromethane 
gave the complexes [Pt(dmba)(L)(NCCH3)](BF4) [L = L1 (32) and L4 (33)]. These 
compounds were characterised on the basis of multinuclear NMR and infrared
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spectroscopy. The 3 1P{1H} NMR spectrum showed a single phosphorus resonance 
with platinum satellites (Table 15). The ^(PjPt) values for complexes 32 and 33 show 
a significantly reduction [AJ = -208 for 32 with respect to 22, and -208 for 33 with 
respect to 24] in the ]J(P,Pt) compared to 22 and 24, though this reduction is 
considerably less than seen for 29 and 30. The observation of 4 J(H,P) in the NMR 
spectrum suggests the phosphine remains trans to the nitrogen atom of the dmba 
ligand, as previously observed in complexes 22-24. These compounds slowly 
decomposed in solution, and as a result proved difficult to characterise fully.

























The reaction of one equivalent of xylyl isocyanide with 26 in dichloromethane 
gave the complex [Pt(dmba)(L4)(CNXyl)](BF4 ) (34). This compound was 
characterised on the basis of multinuclear NMR and infrared spectroscopy (see 
Experimental Section). The 3 1P{1H} NMR spectrum showed a single phosphorus 
resonance with platinum satellites 8 (P) 36.7 ppm [!J(P,Pt) 3897 Hz]. The observed 
4J(H,P) [4J(C//3 ,P) * 3 Hz, 4J(C//2 ,P) » 3 Hz] is consistent with the complex retaining 
the trans N-Pt-P arrangement of the ligands as in complexes 22-24. The infrared 
spectrum of 34 showed a characteristic band for the coordinated isocyanide group
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[v(CN) 2179 cm'1]. The high value of the v(CN) band indicates there is little 
backbonding from the platinum to the isocyanide group, as observed in 29-31.
2.1.2.2.4.3 Formation of [Pt(dmba)(p-PPh20)]2
Attempts to recrystallise complex [Pt(dmba)(L1-i>,0)](BF4) (25) to obtain 
crystals suitable for X-ray analysis were unsuccessful resulting in decomposition to 
give a number of compounds, as observed in the 31P{1H} NMR spectra. One of these 
compounds crystallised from dichloromethane-pentane and was isolated as colourless 
block shaped crystals suitable for X-ray crystallography. From analysis of these 
crystals the complex was revealed to be [Pt(dmba)(p-PPh20)]2 (35). The formation of 
35 is believed to be due to cleavage of the P-N bond of the P, O-coordinated 
phosphinoamine in 25, by a trace amount of water.
2.1.2.2.4.3.1 X-ray Crystal Structure of [Pt(dmba)(p-PPh20)]2 (35)
The crystal structure (Figure 11) revealed that complex 35 was a dinuclear 
species with bridging phosphito (p-PPh20) units. Selected bond lengths and angles 
are given in Table 16.
The crystal structure analysis showed that complex 35 crystallised with one 
molecule of dichloromethane per unit cell. Each of the platinum centres in 35 is 
coordinated to bidentate cyclometallated dmba ligand, a phosphorus atom and an 
oxygen atom, thus giving a 6-membered ring. The platinum centres both show 
significant deviation from a square-planar arrangement with cis angles between 
82.1(7) and 98.9(6)° for Pt(l) and between 82.6(8) and 98.7(7)° for Pt(2). The
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phosphorus atoms of the bridging phosphito (PPh2 0 ‘) units are arranged trans to the 
nitrogen atoms [N(l) and N(2)] of the dmba ligands.
The conformation of the six membered ring is best described as two distorted 
square planar platinum units linked at an 0 — 0  hinge, with the angle between the 
Pt(l)-P(l)-0(l)-0(2) and Pt(2)-P(2)-0(l)-0(2) least squares planes being 48°. This is 
in marked contrast to the conformation observed in 
[Pd{PPh2 CH=C(0 )Ph}(p-PPh2 0 )]23 4  which is best described as a boat with the 
palladium atoms in the prows. The Pt-P [2.205(5) A for Pt(l)-P(l), and 2.217(5) A 
Pt(2)-P(2)], P-O [1.531(13) A for P(l)-0(2) and 1.556(12) A for P(2)-0(l)] and Pt-0 
[2.116(11) A for Pt(l)-0 ( 1 ), and 2.098(11) A for Pt(2 )-0 (2 )] bond distances within 
the 6 -membered ring are similar to those in the complexes
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[Pt3(n3 -OH)(n-PPh2 0 )3(PR3 )3 ]2+ 35 and [Pt2Cl(PEt3)3(|i-PPh2 0 )2]+ 3 6 which also 
contains the p-PPh2 0  ligand.
Table 16. Selected bond lengths [A] and angles [°] for complex 35.
Pt(l)-C(13) 2 .0 0 (2 ) Pt(2)-0(2) 2.098(11)
Pt(l)-0(1) 2.116(11) Pt(2)-N(2) 2.15(2)
Pt(l)-N(l) 2.160(15) Pt(2)-P(2) 2.217(5)
Pt(l)-P(l) 2.205(5) P(l)"0(2) 1.531(13)
Pt(2)-C(34) 2 .0 1 (2 ) P(2)-0(l) 1.556(12)
C(13)-Pt(l)-0(1) 170.4(7) 0(2)-Pt(2)-N(2) 8 8 .8 (8 )
C(13)-Pt(l)-N(l) 82.1(7) C(34)-Pt(2)-P(2) 98.7(7)
0(1)-Pt(l)-N(l) 88.9(5) 0(2)-Pt(2)-P(2) 89.9(4)
C(13)-Pt(l)-P(l) 98.9(6) N(2)-Pt(2)-P(2) 176.2(4)
0(1)-Pt(l)-P(l) 90.1(3) 0(2)-P(l)-Pt(l) 115.4(5)
N(l)-Pt(l)-P(l) 179.0(4) 0(1)-P(2)-Pt(2) 115.5(5)
C(34)-Pt(2)-0(2) 171.3(8) P(2)-0(1)-Pt(l) 126.1(7)
C(34)-Pt(2)-N(2) 82.6(8) P(l)-0(2)-Pt(2) 128.6(7)
2.1.2.3 Complexes of Molybdenum
Since it had not proved possible to obtain crystals of a platinum or palladium 
complex containing L4, complexes of molybdenum were prepared to compare the 
solid state ligand structure of L4 with those for L'-L3.
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2.1.2.3.1 Synthesis of [Mo(CO)4L2] (L = L1, L3 and L4)
The reaction of two equivalents of phosphinoamines L1, L3 and L4 with 
[Mo(CO)4 (pip)2 ] (pip = piperidine) in dichloromethane gave good yields of the 
complexes [Mo(CO)4L2 ] [L = L1 (36), L3 (37) and L4 (38)]. These compounds were 
purified by recrystallisation and characterised on the basis of microanalysis, FAB-MS, 
infrared and multinuclear NMR spectroscopy (see Experimental Section).
2.1.2.3.2 Characterisation of [Mo(CO)4L2] (L = L1, L3 and L4)
The 3 1P{ 1H} NMR spectra of the complexes 36-38 showed single phosphorus 
resonances, with chemical shifts in the range 5(P) 70-79 ppm for 36-38 (Table 17).















37 [Mo(CO)4 (L3)2] 78.4s 2.78m 3.20d - -
38 [Mo(CO)4 (L4)2] 70.9s 5.88m 3.74s 3399m 2 0 2 2 vs, 1906vs, 
1870vs,brb
39 [Mo(CO)3(L3)3] 78.7s 3.81m 3.23s 3297m,br 1939vs,
1842vs,bra
(a = KBr, b = nujol)
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The infrared spectra of complexes 36-38 showed one weak/broad band for the 
v(NH). The number of carbonyl bands in the infrared spectra was difficult to 
determine due to the broadness of the v(CO) bands. The positive-ion FAB mass 
spectra of complexes 36 and 38 showed the expected parent ions at m/z 726 and 822 
respectively.
The coordination of L1, L3 and L4 in 36-38 stabilised the ligands to 
methanolysis and hydrolysis as previously observed for the palladium and platinum 
complexes 1-8. The addition of excess wet methanol to a dichloromethane solution of 
36-38 led to no change in the 31P{1H} NMR spectrum over a period of 2 days. This is 
in marked contrast to the free ligands, which react readily with methanol.
2.1.2.3.3 X-ray Crystal Structure of c/s-[Mo(CO)4(L4)2] (38)
Complex 38 was recrystallised from dichloromethane-methanol as colourless 
block shaped single crystals suitable for X-ray crystallographic studies. Selected bond 
lengths and angles are given in Table 18.
The crystal structure of complex 38 (Figure 12) shows that the ligands around 
the molybdenum(O) centre adopt a distorted octahedral arrangement, with the 
phosphine ligands mutually cis. Cis angles in the complex range from 86.0(2) to 
100.24(9)° with the widest angle, as expected, that which separates the two 
phosphinoamines. The molecule is disposed about a crystallographic 2-fold axis 
passing through the molybdenum atom and bisecting the angle between P(l) and 
P (l)\
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Table 18. Selected bond lengths [A] and angles [°] for complex 38.
Mo(l)-C(2) 1.978(8) N(l)-C(15) 1.404(9)
Mo(l)-C(l) 2.016(8) 0(1)-C(1) 1.153(8)
Mo(l)-P(l) 2.540(2) 0(2)-C(2) 1.139(8)
P(l)-N(l) 1.680(6)
P(l)'-Mo(l)-P(l) 100.24(9) C(2)-Mo(l)-C(l)’ 90.9(3)
C(l)-Mo(l)-P(l) 93.6(2) C(2)-Mo(l)-C(l) 87.7(3)
C(l)-Mo(l)-P(l)' 87.6(2) 0(l)-C(l)-M o(l) 176.7(7)
C(2)-Mo(l)-P(l) 8 6 .0 (2 ) 0(2)-C(2)-Mo(l) 175.9(7)
C(2)-Mo(l)-P(l)' 172.4(2) N(l)-P(l)-Mo(l) 106.9(2)
C(l)'-Mo-C(l) 178.1(4) C(15)-N(l)-P(l) 132.1(6)
C(2)-Mo(l)-C(2)' 88.0(4)
Primed atoms generated by the symmetry transformation -x,y, -z+1/2
The Mo(l)-P(l) distance [2.540(2) A for 38] is significantly longer than the 
generally accepted Mo-P bond distance to a phosphinoamine. 17 The Mo-C bonds are 
similar to the generally accepted range for Mo-C bonds, 17 with the Mo-C bond 
distances for the carbonyl ligands trans to another carbonyl [Mo(l)-C(l) 2.016(8) A] 
longer than those for the carbonyl ligands trans to the phosphinoamine ligand (L4) 
[Mo(l)-C(2) 1.978(8) A]. This is consistent with previous observations on the related 
complex [Mo(CO)4 (PPh2NH2)2], and can be attributed to the carbonyl ligands being 
better 7t-acceptors than the phosphinoamine ligands. 37
The P-N bond distance in complex 38 [1.680(6) A] is significantly longer than 
those observed in complexes trans-[P dC ^L 1^ ] (1 ) [1.643(3) A], /ra«s-[PdCl2(L3 )2] 
(3) [1.644(4) A], [Pd(dmba)Cl(L1)] (18) [1.616(6) A] and [Pd(dmba)Cl(L2)] (19)
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[1.649(3) A], suggesting a weaker P-N bond than in the P-N(alkyl) complexes 
(Section 2.1.2.1). The sum of angles around the nitrogen atoms in 38 is 359° 
consistent with the nitrogen having significant sp2 character (Section 2.1.2.1).
The structure of 38 shows the presence of intramolecular hydrogen bonding 
between the N (l)-H (l) proton and the ether group oxygen atom [N—O 2.587(8) A, 
H—O 2.11(4) A, N-H—O 112(3)°]. This N-H—O interaction is considerably shorter 
than those seen in 1, 3 ,17  and 18; this may be the consequence of both the geometry 
imposed by the aromatic system, as well as the absence of any N-H—Cl hydrogen 
bonding.
2.1.2.3.4 Synthesis of [Mo(CO)3(L3)3]
The reaction of two equivalents of the phosphine L3 with [Mo(C7Hg)(CO)3] in 
toluene gave only the complex [Mo(CO)3(L3)3] (39) as observed from the 31P{!H} 
NMR spectrum. This compound was characterised on the basis of microanalysis, 
infrared and multinuclear NMR spectroscopy (see Experimental Section).
The 31P{1H} NMR spectra of the complex [Mo(CO)3(L3)3] 39 show a single 
phosphorus resonance, with a chemical shift of 8(P) 78.7 ppm. The *H NMR spectrum 
of 39 was as expected. The fac  P-Mo-P arrangement of the ligands in complex 39 is 
suggested by the absence of any coupling between the phosphorus nuclei. The 
presence of only two v(CO) bands in the infrared spectrum is also consistent with this 
arrangement, as it retains C3v symmetry.
2.1.2.4 Complexes of Rhodium
2.1.2.4.1 Synthesis of [RhCI(CO)L2] (L = L1, L3 and L4)
The reaction o f four equivalents o f phosphine L (L = L1, L and L4) with 
[Rh(p-Cl)(CO)2]2 in dichloromethane resulted in the rapid evolution o f CO gas, with
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the formation in good yield of the complex toms-[RhCl(CO)L2] [L = L1 (40), L3 (41) 
and L4 (42)] (Scheme 8 ). These compounds were characterised on the basis of 
microanalysis, infrared and multinuclear NMR spectroscopy (see Experimental 
Section).
Schem e 8
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Rh Rh
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2.1.2.4.2 Characterisation of [RhCl(CO)L2l (L = L1, L3 and L4)
The 3 1P{1H} NMR spectra of 40-42 each show a doublet with ^(PjRh) 
between 124 and 131 Hz (Table 19 and Figure 13) indicating trans geometry. The











40 /raHs-tRhCKCOXL'k] 60.0 124 4.22m 3.30 1988vsa,
1977vsb
41 /ram-[RhCl(CO)(L3)2] 60.3 127 4.24m 3.30 1958vsa,
1977vsb
42 «rani-[RhCl(CO)(L4)2] 53.2 131 3.89 1965vsa,
1980vsb
(IR a = KBr, b = CH2C12)
4 equiv. L,
CH2CI2 w  n hKn
o c h 3
C K  , P  -
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coupling constants of 40-42 lie close to the previously reported14 range [^(PJRh) 
117-129 Hz] for /ra«s-[RhCl(CO)P2 ] (P2 = a variety of monodentate and bidentate 




Infrared spectroscopy of 40-42 was used to examine the electronic properties 
of the phosphine ligands. Back-bonding to the CO from an electron rich metal results 
in a lowering of the C-0 bond order and thereby reduces the v(CO) stretching 
frequency whereas the reverse is true of electron deficient complexes. ’ The 
electronic properties of the attached phosphine ligands affect the electron density on 
the metal centre, which in turn affects the v(CO) stretching frequency. Therefore, 
v(CO) can be used as a probe of the electronic properties of phosphines. A 
comparison of the carbonyl frequencies of 40-42 against a selection of the equivalent
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rhodium(I) complexes to2 Hs-[RhCl(CO)(L)2] (L = alkyl and aryl phosphines and 
phosphites, TV-pyrrolidinyl and JV-pyrrolyl phosphines) is shown in Table 20.
Table 20 Carbonyl stretching frequency v(CO) for trans-[RhCl(CO)(L)2 ].





PPh2NHCH2CH2OMe (L1) 1977 this work
PPh2NHCH2CH(OMe) 2  (L3) 1977 this work
PPh3 1978 39
PPh2NHC6H4OMe-2 (L4) 1980 this work
PPh2(OMe) 1986.5 39
PPh2 (iV-pyrrolyl) 1993 38
P(OMe) 3 1998 39
P(A^-pyrrolyl) 3 2024 38
Using the reported correlation39 between v(CO) for /nms-[RhCl(CO)(PR3 )2 ] 
and [Ni(CO)3 (PR3)] (A, band), the v(CO) for [Ni(CO)3(L)] (L = L1, L3 and L4) (A, 
band) can be estimated and used to calculate the electronic parameter9 x for the 
ether-fimctionalised phosphinoamine ligands using Equation 1 (Table 21). These 
calculations are only approximate as small errors in the recorded value of v(CO) can 
have a significant effect on the calculated value of Xi.
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3For PX1X2X3 v = 2 0 5 6 .1 + £ * , (Equation 1)
i=l
y= v(CO) of the Aj carbonyl mode of [Ni(CO)3 (PXiX2X3)] in CH2 C12 
Xi -  substituent contribution
Table 21 Estimated v(CO) for Ni(CO)3L (Ai band) and electronic parameter Xi-
Ligand vCCOVcm' 1 Xi
L 1 2069 4.3
L2 2069 4.3
L4 2070 5.3
Comparison of these electronic parameters with those for A-pyrrolyl (Xi = 12), 
methoxy (xi = 7.7) and phenyl (xi = 4.3) groups, show that the electronic contribution 
(Xi) for L 1 and L3 is approximately the same as for the phenyl group, while the 
electronic contribution for L4  is between that of a methoxy and a phenyl group. This 
suggests that for L 1 and L3 the substitution of a phenyl group from PPh3 by a primary 
alkyl-amine has little effect on the electronic properties of the phosphine despite the 
increased electronegativity of the amine nitrogen atom compared to carbon. This has 
previously been attributed to the presence of 7t-backbonding from the nitrogen to the
o o
phosphorus, which effectively reduces the electronegativity of the nitrogen. 
Evidence for this was observed in the X-ray crystal structures of the complexes 
containing the ether-functionalised phosphinoamines L 1 and L3, which showed 
significant shortening of the P-N bond distances. The difference in the electronic 
parameter for L4 with respect to L 1 and L3 suggests that L4 is a poorer a-donor, 
possibly due to reduced 7i-bonding between the nitrogen and the phosphorus as
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observed in the complex cw-[Mo(CO)4(L4)2] in which the P-N bond is significantly 
longer than observed for complexes containing L1 and L3.
2.2 Conclusions
Phosphinoamines containing ether functionalities can be easily synthesised in 
good yield and purity. These ligands coordinate to Pt(II), Pd(II), Mo(0) and Rh(I) and 
abstraction of halide has been shown to lead to bidentate coordination involving the 
ether oxygen atom. However, the oxygen atom can be readily displaced from the 
metal centre by acetonitrile, carbon monoxide and xylyl isocyanide.
The crystal structures of complexes 1, 3 ,1 6 ,1 8 ,1 9  and 38 show that the P-N 
bond is significantly shorter than expected for a P-N single bond. This is further 
supported by the planarity of the amine nitrogen, which indicates that the nitrogen 
atom is significantly sp2 hybridised.
The single crystal X-ray analyses of complexes 1, 3, 16 and 28 showed the 
presence of unsymmetrical bifurcated hydrogen bonds with the major component 
between the NH proton and halide atom, and the minor component between the NH 
proton and the oxygen atom of the ether chain. In 19 increasing the ether chain length 
led to the loss of the interaction between the NH proton and the ether oxygen atom, 
while retaining the hydrogen bond between the NH proton and the chloride.
The uncoordinated phosphinoamines were shown to be susceptible to 
hydrolysis and methanolysis but were stabilised to these on coordination to 
palladium(II), platinum(II) or molybdenum(O).
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The chemistry of hemilabile amine-functionalised phosphines1 is not as 
extensive as that of the analogous ether-functionalised ligands. This is in part due to 
the greater number of substitutionally inert P,iV-chelates, which form due to the 
greater bonding ability of amino groups as compared with ether groups, for late 
transition metal centres.
The hemilabile coordination of amine-functionalised phosphine ligands such 
as Ph2PC6H4NMe2-2 has been shown to have potential catalytic implications. For 
example, the iridium(I)2 and palladium(II)3 complexes of amine-functionalised 
phosphines have been used to catalyse the chemoselective hydrogenation of 
a, y^-unsaturated ketones, and the animation reactions of aryl halides respectively. In 
both these processes, the reversible coordination of the amine nitrogen is believed to 
be an important step in the catalytic mechanism.
The hemilabile properties of amine-functionalised phosphine ligands on 
coordination have been shown in the dynamic behaviour of 
rrani-[RhCl{P(i-Pr)2CH2CH2CH2NMe2-P,Ar} {P(i-Pr)2CH2CH2CH2NMe2-P}],4 in 
which the complex undergoes an exchange of bound and unbound amino groups at 
room temperature in a non-coordinating solvent (CD2CI2).
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3.1 Results and Discussion
3.1.1 Ligand Synthesis
T h e  s y n t h e t i c  r o u t e  f o r  t h e  p r e p a r a t i o n  o f  P h 2 P N M e C H 2C H 2N M e 2 (L7) w a s  
b a s e d  o n  t h a t  u s e d  t o  s y n t h e s i s e  e t h e r - f u n c t i o n a l i s e d  p h o s p h i n o a m i n e s  L*-L4 ( S e c t i o n  
2 . 1 . 1 ) .  D e p r o t o n a t i o n  o f  t h e  a m i n e  N ^ N C P f e C I - h N H M e  u s i n g  N E t 3 f o l l o w e d  b y  
r e a c t i o n  w i t h  a n  e q u i m o l a r  q u a n t i t y  o f  P h 2 P C l  i n  T H F  ( S c h e m e  1 )  p r o d u c e d  L7 i n  
g o o d  y i e l d .  A s  w a s  t h e  c a s e  o f  t h e  e t h e r - f u n c t i o n a l i s e d  p h o s p h i n o a m i n e s ,  c a r e  h a s  t o  
b e  t a k e n  t o  e x c l u d e  w a t e r ,  i n  o r d e r  t o  p r e v e n t  t h e  f o r m a t i o n  o f  P h 2 P P ( 0 ) P h 2 , w h i c h  i s  
c a t a l y s e d  b y  N E t 3 . 5
S ch em e 1
HN(CH3)R + Et3N . Et3NH+R(CH3)N"
Ph2P C l \^ T H F
R = CH2CH2N(CH3)2 (L7) Ph2PN(CH3)R + Et3NH+CI'
I n  c o n t r a s t  t o  t h i s ,  t h e  s y n t h e s i s  o f  P h 2 P N H C H 2 C H 2N M e 2  (L8) r e q u i r e d  a  
d i f f e r e n t  a p p r o a c h  a s  t h e  r e a c t i o n  o f  e q u i m o l a r  q u a n t i t i e s  o f  P h 2 P C l  w i t h  t h e  
a p p r o p r i a t e  a m i n e  i n  t h e  p r e s e n c e  o f  N E t 3 l e d  t o  a  m i x t u r e  o f  p r o d u c t s  a s  s h o w n  b y  
t h e  31P { 1H }  N M R  s p e c t r a .  C o m p a r i s o n  o f  t h e  31P { 1H }  N M R  s p e c t r a  o f  t h e s e  p r o d u c t s  
t o  t h a t  o f  ( P h 2P ) 2N C H 2 C H 2O M e  (L5) [ 5 ( P )  6 5 . 1  p p m ]  s u g g e s t e d  t h a t
( P h 2 P ) 2N C H 2 C H 2N M e 2 (L9) [ 8 ( P )  6 4 . 2  p p m ]  w a s  b e i n g  f o r m e d  i n  a d d i t i o n  t o  L8,
A
i n d i c a t i n g  t h a t  d e p r o t o n a t i o n  o f  L o c c u r s  f a r  m o r e  r e a d i l y  t h a n  s e e n  p r e v i o u s l y  f o r
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Table 1 Selected 3 1P{1H}, lH NMR and infrared data for compounds L7 -L9.
Compound 8 (P)/ppm 8 ( N H )
/ppm
5 ( N C H 3)
/ppm
v ( N H )
/cm*1
L 7 P h 2P N ( C H 3 ) C H 2 C H 2N ( C H 3 ) 2 65.4 - 2.52d, 2.17s -
L8 P h 2P N H C H 2C H 2 N ( C H 3 ) 2 41.6 2.49m 2.08s 3370m
L9 ( P h 2P ) 2 N C H 2 C H 2N ( C H 3 ) 2 64.2 - - -
L*-L4 (Section 2.1.1) under the same reaction conditions. The identity of L9 was 
confirmed by the reaction of excess NEt3 with Me2NCH2CH2NH2 and 2  equivalents 
of Ph2 PCl, which gave L9 as the major product as observed from the 3 1P{1H} NMR 
spectra.
The alternative route to L used «-butyllithium to deprotonate the amine at 
-78°C in THF, followed by reaction with PI1 2PCI. The reaction mixture was warmed 
to room temperature and the solvent removed under reduced pressure to give a waxy 
solid, from which extraction using cold diethyl ether gave L8 as an oil in good yield 
(Scheme 2).
S ch em e 2
Ph2PCI
H2NR + BuLi ---------► Li+RHN'  ► Ph2PNHR + LiCI
THF
R = CH2CH2N(CH3)2 (L8)
n oThe ligands L and L were characterised using multinuclear NMR and
“2 1 1 Oinfrared spectroscopy and microanalysis. The P{ H} NMR spectra for L and L
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showed single phosphorus resonances at 8(P) 65.4 and 41.6 ppm respectively (Table 
1). The 31P{1H} NMR chemical shift for L8 is similar to those of the 
ether-phosphinoamines L/-L3 which showed single phosphorus resonances in the 
range 5(P) 41-43 ppm (Section 2.1.1).
The *H NMR spectra for L7 and L8 were as expected: L7 gave signals for the 
methylene, methyl groups, and L8 showed signals for the methylene, methyl and NH 
groups (Table 1 & Experimental Section). The ^C ^H } NMR spectra for L7 and L8 
showed the expected signals due to the diphenylphosphino unit, plus well-defined 
signals for the alkyl chain carbon atoms and methyl groups. The methylene carbons 
showed coupling [2J(C,P) 11-21 Hz and 3J(C,P) 6-7 Hz] to the phosphorus nucleus.
3.1.2 Complexes of the Amine-Functionalised Phosphinoamines
3.1.2.1 Synthesis of [PtC^I^] (L = L7 and L8)
The reaction of two equivalents of L7 and L8 with [PtCl2(cod)] in 
dichloromethane gave the complexes cis- [PtCl2(L7)2] (43) and cis- [PtCl2(L*)2] (44), 
though due to the difficulty in separating the products from the reaction mixtures the 
complexes were only isolated in yields of 50% and 70% respectively. Complexes 43 
and 44 were characterised on the basis of microanalysis, multinuclear NMR and 
infrared spectroscopy.
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43 cis-[PtCl2 (L,)2]a 50.1 3904 - 2.5Id, 2.39s -
44 m-[PtCl2(L,)2]b 36.8 3906 4.69br 2 .1 2 br 3370
45 cis-[PtCl2(L7 -/>,/V)]° 32.8 4175 - 3,12br; 2,38d -
(a = CD2C12, b = (/'-acetone c = c d c i3;
On cooling 43 from 25°C to -78°C in fi^-dichloromethane, the ^P^H } NMR 
spectra showed that the original broad singlet with platinum satellites was split to give 
a pair of broad signals each with platinum satellites (Table 3 and Figure 1). Although 
the signals were too broad to resolve the 2J(P,P) coupling, the relative intensities 
suggest the signals result from inequivalent phosphorus atoms in the same species. 
The difference in the two ^(PjPt) values can be ascribed to a phosphine trans to a 
chloride [^(PajPt) = 4209 Hz], and trans to an amine6 [^(P^Pt) = 3202 Hz] 
respectively. This suggests that the phosphines are mutually cis which is consistent
m m
with the formation of the complex c/s-[PtCl(L -P,N)(L -P)]C1. It has previously been 
demonstrated that the amino group in c/s-[PtCl2 {PPh2 (CH2)nNMe2 }2 ] (n = 2 and 3) 7  
can displace a chloride when a 5-membered chelate ring (n = 2) results, but not when 
a 6 -membered chelate ring (n = 3) would be formed.
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Figure 1
(A = +25, B = -25 and C = -50°C)
Table 3. Selected low temperature 31P{1H} NMR data for complex 43.
Temp./°C 8(Pa) 1J (P a»Pt) 5(P) ‘j(P ,Pt)/ 5(Pb) ’j ^ P t ) 2J(Pa,Pb)
/ppm /Hz /ppm Hz /ppm /Hz /Hz
25 50.1 3899 -
-50 49.5 4206 46.9 3202 -
The 3 1P{1H} NMR spectra for c/s-[PtCl2 (L8)2] (44) shows a single broad 
phosphorus resonance with platinum satellites at room temperature (Table 2), with the 
width of the signals dependent on the solvent. In acetone the signals were well 
resolved but in dichloromethane and chloroform the linewidth was much greater. The
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chemical shift of 44 is similar to the complexes of the ether-functionalised 
phosphinoamines described in section 2 .1 .2 .1 .2 .














0 38.4 35.0 3930 32.7
- 2 0 38.4 3951 34.9 3930 30.4 3593
-40 38.4 3953 34.7 3914 29.9 3601 18
-60 38.1 3961 34.0 3936 29.0 3581 1 2
As with 43, cooling 44 in ^-dichloromethane resulted in the appearance of a 
pair of signals each with platinum satellites (Table 4 and Figure 2). The low 
temperature 3 1P{!H} NMR spectra showed that the original broad singlet with 
platinum satellites was retained but on cooling to -60°C the intensity of the signal was 
considerably diminished whilst the intensity of the new pair of signals increased. At 
these low temperatures, the new signals both split into doublets suggesting coupling 
between the two inequivalent phosphorus atoms. Due to the large linewidths the value 
of 2J(P,P) could only be approximately calculated [2J(P,P) = 18 Hz], this small value
^  o
for J(P,P) is indicative of the phosphinoamines being mutually cis. The difference in 
the two ’j(P,Pt) values suggest that one of the phosphine is trans to a chloride 
[^(PajPt) = 3953 Hz], whilst the other is trans to an amine [!J(Pb,Pt) = 3601 Hz] as
119
Figure 2
(A = 0, B = -20, C = -40 and D = -60 °C)
observed previously in 43. This data is consistent with the formation of the cationic 
complex cw-[PtCl(L8 -P,AO(L8-/>)]Cl at low temperatures (Scheme 3). The rate of 
exchange at low temperature between the two complexes in Scheme 3 is sufficiently 
slow within the NMR timescale to allow the two separate species to be observed.
S ch em e 3
rr n +CIN P-N -N  "Cl N ~N PX P-N r r
Pt  —  Pt' )
c \' >-n~n +cr c\' Nisr
The !H NMR spectrum of 43 showed the expected signals with distinctive 
peaks for the methylene and methyl protons. In contrast the NMR spectrum of 44
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showed considerable broadening of the proton resonances so making assignment of 
the spectra difficult, this is consistent with the ligands undergoing a fluxional process.
The low temperature 31P{1H} NMR studies of 43 and 44 both show the 
formation of a 6-membered P,A-chelate consistent with the formation of the cationic 
complex c/s-[Pt(L-P,jV)(L-P)]Cl. This stabilisation of a chelating bidentate phosphine 
has previously been observed at low temperatures for phosphino alcohol platinum(II) 
complexes (e.g. [PtCl2{PPh2CH2C(CH3)20H}2]).8 At room temperatures these 
complexes exhibit fluxionality but on cooling the chelate structure forms, in which 
one of the alcohol oxygen atoms is coordinated to the metal.
The 31P{1H} NMR spectra of the crude sample of 43 showed two distinct 
phosphorus resonances with platinum satellites, one gave a broad signal indicating 
fluxionality, while the other signal was well resolved. These two sets of peaks were 
attributed to the complexes cw-[PtCl2(L7)2] (43) and c/s-[PtCl2(L7-.P,JV)] (45) (see 
below).
m
The reaction of [PtCl2(cod)] with one equivalent of L in dichloromethane 
gave cw-[PtCl2(L7-P,AO] (45) quantitatively. This was characterised on the basis of 
microanalysis, multinuclear NMR and infrared spectroscopy. The 31P{!H} NMR 
spectra (Table 2) showed a singlet with platinum satellites [8(P) 32.8 ppm, ^(PjPt) 
4175 Hz], which match those of the well resolved component observed in the crude 
sample of 43 [8(P) 32.8 ppm, !J(P,Pt) 4179 Hz]. The *H NMR shows evidence of the 
coordination of the tertiary amine nitrogen atom, with the chemical shift of the methyl 
protons deshielded relative to 43 (A8 = 0.73 ppm for 45 with respect to 43).
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3.1.2.1.1 Abstraction of Chloride from c/s-[PtCl2 (L8)2 ]
The low temperature studies on complexes 43 and 44 showed that the amine 
nitrogen of amine-functionalised phosphinoamines was sufficiently nucleophilic to 
displace a chloride so forming a 6 -membered P.JV-chelate ring. This was in marked 
contrast to complexes containing ether-functionalised phosphinoamines (Section
2.1.2.1.4.1) which required chloride abstraction using Ag+ to provide a vacant site to 
which the ether oxygen could coordinate.
In order to examine the bidenate coordination of the amine-functionalised
o n
phosphinoamine (L ), the complex c/s-[PtCl2(L )2] (44) was reacted with excess 
T1PF6  or NaBF4.











46 cis-[PtCl(L8 -P,A')(L8 -F)]PF6 40.3 4038 3.32m 2.06s 3367,
33.2 3587 2.99d 3212
47 cw-[PC1(L8 -P1A')(L8 -P)]BF4 40.2 4008 3.31br 1.97s 3436,
32.8 3595 2.96br 3280
Reaction of 44 with excess T1PF6 in dichloromethane gave in good yield the 
complex c/s-[PtCI(L8 -P,AO(L8-P)]PF6 (46). The 3 IP{*H} NMR spectra (Figure 3) 
showed two doublets each with platinum satellites (Table 5), plus a septet due to the 
PF6' counter ion [5(P) 69.5 ppm, -143.6 ppm, sep, !J(P,F) 711 Hz]. ^(PjPt) values are 
similar to those observed in the low temperature spectra of 43 and 44, suggesting that
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one of the phosphines is trans to a chloride [^(PgjPt) 4038 Hz], whilst the other is 
trans to an amine [^(P^Pt) 3587 Hz].
Figure 3
60 30 20
The ]H NMR spectra of 46 show two resonances for 8 (NCH3), separated by 
approximately 0.9 ppm. Comparison of these values with those of 44 (A5 = 0.87 ppm 
and -0.06 ppm for 46 with respect to 44) shows significant deshielding of one of the 
amine methyl groups. The complex [Pt{PPh2 (C6 H4 )N(CH3)2 -2 }2 ](C1 0 4 ) 2  showed a 
similar downfield shift in the ]H NMR spectrum for the methyl protons of the amine 
group on coordination of the amine nitrogen. 9  This indicates that the nitrogen atom of 
one of the amine groups is coordinated to the metal, while the other amine group 
remains uncoordinated. The infrared spectra showed two weak bands for v(NH) and a 
strong band for v(PF6).
Even in the presence of excess T1PF6, the second chloride was not abstracted. 
A similar observation was previously made with the complex
c/5 -[PtCl{PPh2 (CH2 )3N(CH3)2 }2 ]BF4 , 7 this lack of reactivity was attributed to the 
difficulty in forming two 6 -membered chelate rings using this type of ligand. A search
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of the Cambridge Structural Database10 confirmed there are no examples of the 
dication [Pt(L-P, A)2]2+ that have been crystallographically characterised.
A 10 fold excess of NaBF4 was reacted with a methanol/water solution of 44,
to give cw-[PtCl(L8-P,A)(L8-P)]BF4 (47) which was characterised by NMR and
 ^1 1infrared spectroscopy. As with 46 the P{ H} NMR spectra showed the formation of 
a pair of doublets with platinum satellites (Table 5). The 8 (P) and !J(P,Pt) are similar 
to 46 indicating the amine-functionalised phosphinoamines (L8) are arranged 
mutually cis, with one of the ligands forming a 6 -membered P,A-chelate ring. The 
NMR spectrum matches that of 46 with two resonances for 8 (NCH3), separated by 
approximately 1 ppm. The 8 (NCH3) as in 46, indicates that the nitrogen atom of one 
of the amine groups is coordinated to the metal, while the other amine group remains 
uncoordinated (A8  = 0.84 ppm and -0.15 ppm for 47 with respect to 44). The infrared 
spectrum for 47 showed two weak bands for v(NH) and a strong broad band for 
v(BF4).
The sharpness of the 31P{1H} NMR spectra of 46 and 47 is in contrast to the 
broad signals observed for 44, suggesting that removal of the chloride stops the 
fluxionality. This supports the theory that the fluxional processes involve the 
reversible coordination of chloride.
As with the ether-functionalised phosphinoamine complexes (Section 
2.1.2.1.4.3) coordination stabilised the amine-functionalised phosphinoamine L8 to 
methanolysis and hydrolysis as observed during the synthesis of 47 in which the 
31P{1H} NMR of the crude product showed the absence of any decomposition 
products after 1 hour.
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3.1.2.2 Synthesis of [M(dmba)CI(L7)] (M = Pd and Pt)
Complexes of the type [M(dmba)Cl(L)] containing an amine-functionalised 
phosphinoamine (L7) were synthesised to allow comparison of their properties and 
reactions with respect to those of the related ether-functionalised phosphinoamine
m
complexes 18-24 (Section 2.1.2.2). The reaction of two equivalents of L with 
[M(dmba)(jii-Cl) ] 2  (M = Pd, Pt) gave the complexes [Pd(dmba)Cl(L7)] (48) or 
[Pt(dmba)Cl(L7)] (49). The 31P{!H} NMR spectra of both the reaction mixtures 
showed that 48 and 49 were only formed in moderate yields with other products also 
formed.









48 [Pd(dmba)Cl(L7)] 93.2br - 2.66d, 3J(H,P) 10 Hz 2.15s
49 [Pt(dmba)Cl(L7)] 66.4 4618 2.75d, 3J(H,P) 11 Hz 2.14s
minor component 80.3 2126
50 [Pt(dmba)(L7-P,AO]PF6 51.2 4880 2.44d, 3J(H,P) 9 Hz 2.92s
51 [Pt(dmba)(L7-P,A0]BF4 51.2 4876 2.44d, 3J(H,P) 9 Hz 2.90s
The 31P{1H} NMR spectra of 48 showed a single broad phosphorus resonance 
suggesting fluxionality, in marked contrast to the ether-functionalised 
phosphinoamine analogues, which gave sharp signals. Unfortunately solutions of 
complex 48 in dichloromethane were found to decompose, and as a result it could not 
be isolated and purified.
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The 31P{1H} NMR spectra of 49 showed a single phosphorus resonance with 
1 J(P,Pt) of 4618 Hz (Table 6). The large value of !J(P,Pt) suggests the phosphine is 
trans to the nitrogen atom of dmba.11 The observed 4J(H,P) coupling between the 
phosphorus and the methyl and methylene protons of dmba in the lH NMR spectrum 
is also consistent with this arrangement [4J(CHj,P )» 3 Hz, 4J(C//2 ,P) * 3 Hz].
31P{1H} NMR spectra of crude samples of 49 showed the presence of an 
additional compound [5(P) 80.3 ppm, ^(PjPt) 2126 Hz] (Figure 4). The value of 
]J(P,Pt) suggests this to be due to the isomer with the phosphinoamine trans to the 
carbon of dmba.
Figure 4
_JLA. J l  J l A_







(Peaks marked with * due to isomer with the phosphinoamine trans to the carbon of 
dmba)
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3.1.2.2.1 Abstraction of Chloride from [Pt(dmba)Cl(L7)]
The potential bidentate coordination of the amine-functionalised 
phosphinoamine was examined by reacting the complex [Pt(dmba)Cl(L7)] with 
AgBF4 and T1PF6. A slight excess of AgBF4 or T1PF6 was reacted with the complex 
[Pt(dmba)Cl(L7)] in dichloromethane with the resulting complexes characterised as 
[Pt(dmba)(L7-F,Ar)]X [X = B F 4  (50) and PF6 (51)] on the basis of multinuclear NMR 
and infrared spectroscopy (Table 6).
The 31P{1H} NMR spectra of [Pt(dmba)(L7-P,iV)]X show single phosphorus 
resonances with !J(P,Pt) of approximately 4880 Hz, as well as a septet due to the PF6- 
counter ion in complex 51.
The NMR spectra of 50 and 51 show that the methyl protons of the amine 
group are deshielded [A8 = 0.78 for 50 with respect to 49, and 0.76 for 51 with respect 
to 49]. This downfield shift is consistent with the amine nitrogen coordinating to the 
metal as observed earlier for complexes of the type cis- [PtCl(L8-P,Ar)(L8-/')]PF6 
(Section 3.1.2.1.1) and is similar to that observed for [Pt(dmba)(L-f, 0)]BF4 [L = L1 
(25) and L4 (26)] (Section 2.1.2.2.4.1).
3.1.2.3 Formation of c/r-|Pt(L7-/’,A)(n-L7)CoCl3]
The presence of four uncoordinated nitrogen atoms in the complex 
[PtCl2(PPh2N{CH3}CH2CH2N{CH3}2)2] (43) provides the potential for the further 
coordination of a first row transition metal (Figure 5). The structures of the complexes 
containing ether-functionalised phosphinoamines (Chapter 2) showed the nitrogen 
atom bonded to the phosphorus was significantly s/?2-hybridised, as a consequence of 
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In order to examine the potential coordination of the nitrogen donor groups, 
the complex cw-[PtCl2 (L7)2] (43) was reacted with one equivalent of C0 CI2 6 H2 O or 
ZnCl2 *6 H2 0  in acetone. The solvent was removed from the reaction mixture to give a 
blue or colourless solid respectively, from which extraction using dichloromethane 
followed by recrystallisation gave a product which contained a 1:1 ratio of 43 and 
MCI2 (M = Co or Zn) as determined by elemental analysis. Unfortunately 
multinuclear NMR spectroscopy was of limited help in characterising these 
compounds due to the cobalt complex being paramagnetic and the zinc compound 
giving very broad signals.
The cobalt complex crystallised from dichloromethane-diethyl ether and was 
isolated as blue block shaped crystals suitable for X-ray crystallography. From 
analysis of these crystals the complex was revealed to be the bimetallic species 
cw-[Pt(L7 -P,TV)(p-L7)CoCl3] (52). The highest observed peak in the FAB mass 
spectrum of complex 52 was at m/z 803 for [M- CoC/j]+.
The blue colour of 52 in the solid state and in dichloromethane is indicative of 
tetrahedral cobalt. On addition of excess methanol to a solution of 52 in 
dichloromethane a rapid colour change to pink was observed. This can be attributed to 
the coordination of the two methanol molecules to the cobalt centre to give an 
octahedral geometry. This coordination of methanol was found to be reversible, with 
the blue complex reforming after removal of the solvent under reduced pressure.
128
3.1.2.3.1 X-ray Crystal Structure of cis-[Pt(L7-P,A')(n-L7)CoCl3] (52)
The crystal structure revealed that complex 52 was a bimetallic species with 
the cobalt coordinated to the terminal nitrogen of one of the amine-functionalised 
phosphinoamines while the nitrogen of the second terminal amine group coordinated 
to the platinum to give a 6 -membered P,N-chelate ring (Figure 6 ). Selected bond 
lengths and angles are given in Table 7.
Table 7. Selected bond lengths [A] and angles [°] for 52.
Pt(l)-N(2) 2.167(5) Co(l)-Cl(3) 2.214(2)
PtO)-P(i) 2.247(2) Co(l)-Cl(4) 2.246(2)
Pt(l)-P(2) 2.271(2) Co(l)-Cl(5) 2.249(2)
PtO)-Cl(i) 2.365(2) P(l)-N(l) 1.673(5)
Co(l)-N(4) 2.118(6) P(2)-N(3) 1.657(5)
N(2)-Pt(l)-P(l) 90.85(13) N(4)-Co(l)-Cl(3) 104.8(2)
N(2)-Pt(l)-P(2) 170.38(13) N(4)-Co(l)-Cl(4) 108.7(2)
P(l)-Pt(l)-P(2) 97.44(6) Cl(3)-Co(l)-Cl(4) 115.71(10)
N(2)-Pt(l)-Cl(l) 88.23(13) N(4)-Co(l)-Cl(5) 106.9(2)
P(l)-Pt(l)-Cl(l) 169.30(6) Cl(3)-Co(l)-Cl(5) 113.91(9)
P(2)-Pt(l)-Cl(l) 84.53(6) Cl(4)-Co(l)-Cl(5) 106.44(8)
The platinum centre in 52 is distorted square-planar with cis angles between 
84.53(6) and 97.44(6)°. The two phosphorus atoms are arranged mutually cis.
The Pt-P, Pt-N and Pt-Cl bond distances in complex 52 are unremarkable. 12 
One feature of the Pt-P bonds is the significantly longer Pt(l)-P(2) bond trans to the 
tertiary amine nitrogen relative to the Pt(l)-P(l) bond trans to chloride [Pt( 1 )-P( 1)
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2.247(2) A and Pt(l)-P(2) 2.271(2) A]. This maybe indicative of the greater trans 
influence of the tertiary amine compared to a chloride, though steric crowding may 











The P-N bond distances in complex 52 [P(l)-N(l) 1.673(5) A and P(2)-N(3) 
1.657(5) A] are similar to those observed in the complexes containing 
ether-functionalised phosphinoamines [range of P-N bond distances = 1.616-1.680 A 
(Chapter 2)], and are shorter than the generally accepted range for P-N single bonds 
(e.g. 1.689-1.727 A in iV-piperidinophosphines13). The sum of the angles around the
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N (l) and N(3) atoms is 354° and 360° respectively, showing as with the 
ether-functionalised phosphinoamine complexes, significant sp2 character of the 
nitrogen.
The cobalt(II) centre in 52 is distorted tetrahedral with cis angles between 
104.8(2) and 115.71(10)°, with three chloride ligands and a tertiary amine ligand. The 
Co-N and Co-Cl bond distances in complex 52 are similar to the expected values for a 
Co-N bond to a tertiary amine and a Co-Cl bond.12
Comparison of the Co-Cl bond distances in 52 with reported structures of 
tetrahedral coordinated cobalt(II) having a 3Cl + IN coordination donor set, shows 
that two of the Co-Cl bond distances [Co(l)-Cl(4) 2.246(2) A  and Co(l)-Cl(5) 
2.249(2) A] are within the observed range of 2.22-2.26 A 14 whilst the Co(l)-Cl(3) 
[2.214(2) A] is significantly shorter. The Co-N bond [Co(l)-N(4) 2.118(6) A] is 
significantly longer than the observed range o f2.02-2.05 A 14 for Co-N distances.
The combination of a positive charge on the platinum(II) and a negative 
charge on the cobalt(II) results in the complex being zwitterionic. The presence of the 
positive and negative charges on the metal centres may explain the ordering observed 
within the crystal lattice in which molecules o f 52 stack along the b axis with 
intermolecular Pt—Co distances of 6.3 A, similar to those observed within the 
molecule (6.0 A). Closer intermolecular contact o f the metal centres is prevented by 
the presence of the phenyl groups.
3.1.2.4 Synthesis of [P^O iCfiH^Bu)^7)!]
In order to prevent the ligand L7 from forming 6-membered P,iV-chelates, 
complexes in which both chlorides were replaced by a bidentate ligand were prepared. 
f-Butyl catechol was used as a bidentate dicationic 0,0-donor ligand precursor,
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replacing the chlorides with a 5-membered chelate ring. This would remove any 
possible fluxional process involving the labile chloride ligands.
m f
Two equivalents of L were reacted with [Pt(C>2C6 H3 Bu-4)(cod)] in 
dichloromethane, to give [P t^ C e ^ B u X L 7^ ] (53) in good yield. This complex was 
characterised on the basis of microanalysis, infrared and multinuclear NMR
spectroscopy (see Experimental Section).
 ^1 1The P{ H} NMR spectra of 53 showed two sets of doublets each with 
platinum satellites as expected for complexes containing two inequivalent phosphorus 
atoms (Table 8). The external signal of both doublets was attenuated while the 
internal signals were enhanced (Figure 7) this roof effect is typical of a simple AB 
system, in which the coupling constant is of similar magnitude to the difference in the 
chemical shift between the two nuclei. The inequivalence is due to the unsymmetrical 
nature of f-butyl catechol (Figure 8).
Table 8. Selected 31P{!H}, !H NMR and infrared data for complex 53.
Complex 8(P) 'j(p,pt) 5(PNCH3) 8(NCH3)







The *H NMR spectrum of 53 was as expected with distinctive signals for the 
methylene and methyl groups. The inequivalence caused by the r-butyl catechol 
results in two resonances for the methylene and methyl protons respectively, though 







In order to examine the potential coordination of the nitrogen donor groups, 53 
was reacted with one equivalent of C0 CI2 6 H2 O in methanol. Analysis of the isolated 
product by elemental analysis and infrared spectroscopy showed that unexpectedly 
complex 52 had been formed. This suggested that the reaction of 53 with C0 CI2 6 H2O 
resulted in the cleavage of Pt-0 bonds, with a chloride being transferred from the 
cobalt to the platinum.
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3.1.2.5 Synthesis of IRhCl(CO)(L8-fVV)] and [RhCI(CO)(L8)2]
Q
The reaction of two and four equivalents of L with [Rh(p-Cl)(CO)2 ] 2  in 
dichloromethane resulted in the rapid evolution of CO gas, with the formation in good 
yield of the complex [RhCl(CO)(L8-/>,A0] (54) and tra/M-[RhCl(CO)(L*)2] (55) 
respectively. These compounds were characterised on the basis of infrared and 
multinuclear NMR spectroscopy (see Experimental Section).
The 31P{1H} NMR spectra of 54 and 55 show a doublet with !J(P,Rh) of 181 
and 128 Hz respectively. The ^(PjRh) of 54 and 55 are typical of a phosphorus trans 
to a chloride, and a phosphorus trans to a phosphorus respectively.11 The coupling 
constant associated with 55 is similar to those previously observed for the equivalent 
ether-functionalised phosphinoamine complexes (Section 2.1.2.4) The NMR 
spectra of 54 and 55 were as expected with distinctive signals for the NH, methylene 
and methyl groups. Evidence to support the formation of a 6-membered P.fV-chelate 
ring in 54 is observed in the NMR spectra, where the chemical shifts show 
deshielding of the amine methyl protons (A8 = 0.36 ppm for 54 with respect to 55)











54 fram-[RhCl(CO)(L8-f>,yV)] 75.7 181 2.96m 2.55s 1988a,
1995b
55 ?rans-[RhCl(CO)(L8)2] 59.9 128 4.26m 2.19s 1976b
(a = KBr, b = CH2C12)
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and methylene protons. Similar deshielding of the methyl and methylene protons was 
observed in the platinum(II) complexes 50 and 51.
The infrared spectra of 54 and 55 show one band for v(CO) consistent with 
only one carbonyl group in 54, and the trans geometry of 55.
From the estimated value for v(CO) of 2068.5 cm”1 for the [Ni(CO)3(L8)] (Ai 
band) obtained using the reported correlation between v(CO) for 
/ra/w-[RhCl(CO)(PR3)2] and [Ni(CO)3(PR3)] (Ai band),15 the electronic substituents 
contribution Xi for the -NHCH2CH2NMe2 group can be estimated as Xi = 3.8 using 
Equation 1 (Section 2.1.2.4.2).16 Comparison of this with the values of Xi estimated 
for the ether-functionalised phosphinoamines complexes /ra«s-[RhCl(CO)L2] (L = L1 
and L3) (Section 2.1.2.4.2) shows that the electronic substituents contribution of the 




As with the ether-functionalised phosphinoamines, Ph2PNMeCH2CH2NMe2 
(L7) could easily be synthesised in good yield and purity. In contrast, the synthesis of 
Ph2PNHCH2CH2NMe2 (L8) was complicated by the ease in which this product could 
be deprotonated, which resulted in a mixture of the ligand L8 and 
(Ph2P)2NCH2CH2NMe2 (L9). An alternative synthetic strategy was developed for L8 
using the low temperature deprotonation of the amine with BuLi followed by reaction 
with Ph2PCl to give the desired product without contamination by L9
The phosphinoamines L7 and L8 have been shown to readily coordinate to 
Pt(II), though in a number of these complexes the broad signals observed in the 
31P{1H} and NMR spectra indicated the complexes were fluxional.
The relative ease in which 6-membered P, A-chelate rings formed is in contrast 
to the difficulty in forming 6-membered P, 0-chelate rings in complexes containing 
the ether-functionalised phosphinoamines. The ability of the amino fimctionalised 
phosphinoamines to coordinate via both the phosphorus and the nitrogen groups was 
observed in both the synthesis of c/s-[PtCl2(L7-.P,A)] (45) and the mixed metal species 
[Pt(L7-P,jV)(p-L7)CoCl3] (52). These observations are all consistent with the greater 
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The chemistry of iV-pyrrolyl substituted phosphines has currently received 
interest due to their exceptional n acceptor properties, which can exceed those of 
phosphites such as P(OPh)3.1,2 Aromatic delocalization of the nitrogen lone pair into 
the 5-membered ring contributes to the TV-pyrrolyl groups strong electron withdrawing 
properties, which result in the phosphines acting as relatively poor a  donors and as 
good 7i acceptors.
Complexes containing A-pyrrolyl substituted phosphines have been shown to 
be of catalytic relevance. For example, the rhodium© complexes of A-pyrrolyl 
substituted phosphines have been used to catalyse the hydroformylation of hex-l-ene3 
and the hydrogenation of olefins and arenes.4
Work by Braunstein et al5 has shown that the carbonyl group of ketone- and 
ester-functionalised phosphines generally coordinates more strongly to late transition 
metal centres than the corresponding ether group of ether-functionalised phosphines. 
This results in P, O-coordinated ketone- and ester-functionalised phosphine complexes 
exhibiting increased stability and static nature compared to equivalent 
ether-functionalised phosphine complexes. For example,
[Rh{PPh2CH2C(0 )Ph-P,0 }2]PF6 is stable at room temperature whereas the analogous 
ether-functionalised complex [Rl^PPl^CFbCFbOCHa-P, 0 )2]B P h/ is unstable above 
-30°C. This increased bond strength of the carbonyl oxygen-metal bond in ketone- 
and ester-functionalised phosphine complexes has also been observed to result in a 
number of ketone- and ester-functionalised phosphine complexes being static at room 
temperature, in contrast to the equivalent ether-functionalised phosphine complexes 
many of which exhibit fluxionality under similar conditions. For example, the
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/ ’.O-chelate ring in [RhCl{PPh2CH2C(0)Ph-P,0}{PPh2CH2C(0)Ph-,P }]5 is
non-fluxional at room temperature in contrast to [RhClH2(PCy2CH2CH20Me-P, O)- 
(PCy2CH2CH2OM e-P)].7
A-pyrrolyl phosphines can easily be synthesised using mild reaction 
conditions1 allowing the facile incorporation of additional functional groups such as 
the ketone group in 2-acetylpyrrole. This provides the potential mixed donor 
combination required for coordination through either, or both the phosphorus and 
oxygen atoms to a transition metal centre.
4.1 Results and Discussion
4.1.1 Ligand Synthesis
Ph2PNC4H3(COCH3-2) (L10) was synthesised in a similar manner to the 
ether-functionalised phosphinoamines (Section 2.1.1), using NEt3 to deprotonate 
2-acetylpyrrole, followed by reaction with an equimolar quantity of Ph2PCl in THF 
(Scheme 1). This reaction produced L10 in good yields but, in contrast to the rapid 
formation of the ether-functionalised phosphinoamines, the synthesis of L10 took over 
two days to reach completion. As previously observed for the synthesis of the 
functionalised phosphinoamines, care has to be taken to exclude water, in order to 
prevent the formation of Ph2PP(0)Pli2.






Replacement of NEt3 by the stronger base l,8-diazabicyclo[5.4.0]undec-7-ene 
(Dbu), decreased the reaction time to a few hours (see Experimental Section).
L 10 was synthesised in good yield as colourless crystals, and characterised 
using microanalysis, multinuclear NMR and infrared spectroscopy. The 31P{1H} 
NMR spectra for L10 showed a single phosphorus resonance at 5(P) 55.8 ppm (Table 
1). The 31P{1H} NMR chemical shift for L10 shows the phosphorus nucleus to be 
deshielded relative to the ether-functionalised phosphinoamines L*-L4 which showed 
single phosphorus resonances in the range 8(P) 27-43 ppm (Section 2.1.1). This is 
consistent with the pyrrolyl ring acting as a more electron withdrawing group1 than 
the Aralkyl and JV-aryl groups of L ^L 4.
Table 1 Selected 31P{1H}, !H NMR and infrared data for compounds Li0-Ln .
Compound 8(P)/ppm 8(CH3)/ppm v(C=0)/cm '1
L10 Ph2PNC4H3(COCH3-2) 55.8 2.43s 1643vs
L11 Ph2P(S)NC4H3(COCH3-2) 67.3 2.29s 1664s
The !H NMR spectrum for L10 was as expected with distinctive signals for the 
methyl and pyrrolyl protons (Table 1 & Experimental Section). The 13C{1H} NMR 
spectra for L 10 showed well-defined signals for the diphenylphosphino unit, carbonyl, 
methyl and pyrrolyl carbons.
Oxidation of the phosphorus atom in L10 by sulfur occurred readily as 
observed for the ether-functionalised phosphinoamine L4 (Section 2.1.1). The reaction 
of sulfur with L10 in a THF solution at room temperature gave the phosphorus(V) 
compound Ph2P(S)NC4H3(COCH3-2) (L11) [Scheme 2], which was characterised on 
the basis of multinuclear NMR and infrared spectroscopy.
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THF
The 31P{1H} NMR spectrum of L11 showed a single phosphorus resonance at 
8(P) 67.3 ppm. The deshielding of the phosphorus (A5 =11.5 ppm for L11 with 
respect to L10) was also observed for L6 (A8 = 25.5 ppm for L6 with respect to L4), 
and is as expected on oxidising Pm to Pv.
As with the ether-functionalised phosphinoamines L/-L4 the P-N bond of L10 
was found to be susceptible to alcoholysis, with the reaction of L10 with methanol 
forming Pl^POMe. However the reaction of L10 with methanol took 2 days to reach 
completion compared with 24 hours for L1 and 30 minutes for L4 under similar 
reaction conditions. Comparison of the stability of L10 and the A-pyrrolyl phosphine 
P(NC4H4)3 , which is stable to alcoholysis, shows that the phosphorus atom of L10 is a 
better nucleophile than that in P(NC4H4 )3 .1
4.1.2 Complexes of 2-Acetyl A-Pyrrolyl Phosphine
4.1.2.1 Synthesis of [MC12(L10)2] (M = Pd and Pt)
The reaction of two equivalents of L10 with [MCl2(cod)] (M = Pd and Pt) in 
dichloromethane gave the complexes [PdCl2 (L10)2 ] (56) and cw-[PtCl2 (L10)2 ] (57) in 
good yields. Complex 56 and 57 were characterised on the basis of microanalysis and 
infrared spectroscopy, though due to the poor solubilities of both complexes in 
common solvents, attempts to obtain 31P{1H} and ’H NMR spectra were unsuccessful.
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The infrared spectra of 56 and 57 both showed one band for v(C=0) at 1644 cm’1, 
similar to that of the free ligand L10 [v(C=0) 1643 cm'1] suggesting that the carbonyl 
oxygens are uncoordinated.
The combination of both an oxygen and sulfur donor groups in L11 provides 
the potential for coordination to a metal centre either through the oxygen or the sulfur 
group. No reaction between L11 and [PtCl2(cod)] was observed indicating that the 
donor groups of L11 were insufficiently basic to displace the cod moiety from 
platinum(II).
4.1.2.2 Synthesis of [M(dmba)CI(L10)] (M = Pd and Pt)
Due to the poor solubility of 56 and 57, complexes of the type 
[M(dmba)Cl(L)] containing L10 were synthesised to allow comparison of their 
properties with the equivalent ether- and amine-functionalised phosphinoamine 
complexes (Sections 2.1.2.2 and 3.1.2.2). The reaction of two equivalents of L10 with 
[M(dmba)(p-Cl)]2 (M = Pd, Pt) gave the complexes [Pd(dmba)Cl(L10)] (58) and 
[Pt(dmba)Cl(L10)] (59) in virtually quantitative yields.
The 31P{1H} NMR spectrum of 58 showed a single phosphorus resonance and 
the NMR spectrum was as expected with distinctive signals for the pyrrolyl and 
methyl protons. As with the amine- and ether-functionalised phosphinoamine 
complexes the trans N-Pd-P arrangement of the ligands in complex 58 can be 
deduced from the observed 4J(H,P) coupling constants to the methyl protons within 
dmba, [4J(C//3,P) « 3 Hz], though due to the broadness of the methylene signal of 
dmba no 4J(H,P) coupling could be observed. The infrared spectrum showed one
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strong band for v(C=0) at 1649 cm'1, consistent with an uncoordinated carbonyl
group.









58 [Pd(dmba)Cl(L'")] 88.6 - 2.04s 1649s
59 [Pt(dmba)Cl(L10)] 63.6 5097 2.06s 1657s




62 [Pt(dmba)(L10-P, 0)]BF4 62.6 4423 2.73s 1583s
63 [Pt(dmba)(L1#-/>, 0)]PF« 62.8,
-143.6sep
4437 2.68s 1579s
The 31P{1H} NMR spectrum for [Pt(dmba)Cl(L10)] (59) shows a singlet with 
*J(P,Pt) of 5097 Hz. The large value of !J(P,Pt) suggests the phosphine is trans to the 
nitrogen atom of dmba, and this is further supported by the presence of a 4J(H,P) 
coupling in the lH NMR spectra [4J(Ctf3,P) * 3 Hz, 4J(C//2,P) * 3 Hz]. The infrared 
spectrum of 59 shows v(C=0) at 1657 cm'1 for the uncoordinated carbonyl group.
4.1.2.2.1 Abstraction of Chloride from [M(dmba)Cl(L10)] (M = Pd and Pt)
In order to examine and compare the potential bidentate coordination mode of 
L10 with that of the ether- and amine-functionalised phosphinoamines, complexes 58
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and 59 were reacted with AgBF4 and T1PF6. The abstraction of chloride from 
[M(dmba)Cl(L10)] (M = Pd, Pt) in dichloromethane using AgBF4 or T1PF6 readily 
occurred with the formation of [Pd(dmba)(L10-/> 0)]X  [X = BF4 (60), X = PF6 (61)] 
and [Pt(dmba)(L10-P,0)]X [X = BF4 (62), X = PF6 (63)], which were characterised
using microanalysis, multinuclear NMR and infrared spectroscopy.
*21 1The P{ H} NMR spectrum of 60 showed a single phosphorus resonance, 
while 61 showed a single phosphorus resonance plus a septet due to the PF6- counter 
ion (Table 2). Comparison of the chemical shifts of 60 and 61 with 58 show little 
change on coordination of the ketone group [A8 between -1.2 and -1.5 ppm for 60 and 
61 with respect to 58], a similar observation was made for the ether-functionalised 
complexes [Pd(dmba)(L*)]X [X = BF4 (27) and PF« (28)] (Section 2.1.2.2.4.1). This 
small change in the chemical shifts on forming a 6 -membered chelate ring has 
previously been observed8 in the complex cw-[Pt{PPh2(CH2)3NMe2-i>,A}- 
{PPh2(CH2)3NMe2-/>}]BF4 9
The P{ H} NMR spectrum o f 62 showed a singlet with platinum satellites, 
whilst 63 showed an additional septet due to the PF6- counter ion. As with 60 and 61 
the coordination of the ketone group had little effect on the phosphorus chemical 
shifts relative to 59 [A8  between -0.8 and -1 ppm for 62 and 63 with respect to 59]. 
The ^(PjPt) for 62 and 63 show a significant decrease compared to 59 [AJ between 
-660 and -674 for 62 and 63 with respect to 59], which is due to the combination of a 
range of different effects on the value o f 1 J(P,Pt), such as changing the chloride ligand 
cis to the phosphine with the ketone oxygen atom, the presence of a positive charge 
on the metal centre and the formation of a chelate ring. The size of AJ is larger than 
observed for the ether-functionalised phosphinoamine complexes 
[Pt(dmba)(L*-P,0)]BF4 (25) and [Pt(dmba)(L4-/>,0)]BF4 (26) (Section 2.1.2.2.4.1),
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this difference in the values for ^(PjPt) is possibly due to changing the ether oxygen 
atom with a ketone oxygen atom and changes to the flexibility of the chelate ring. The 
NMR spectra showed the presence of a 4J(H,P) coupling between the methyl 
protons of dmba and the phosphorus atom [4J(C//3,P) * 3 Hz], the presence of 4J(H,P) 
coupling to the methylene protons is not observed due to the broadness of this 
resonance.
The NMR spectra of 60-63 showed significant deshielding of the methyl 
protons of the coordinated ketone group compared to 58 [A8 between 0.66 and 0.68 
ppm for 60 and 61 with respect to 58] and 59 [A8 between 0.62 and 0.67 ppm for 62 
and 63 with respect to 59]. This deshielding of the methyl and methylene protons on 
coordination of either the ether oxygen and amine nitrogen has been previously 
observed for the P,0- and P,./V-chelate complexes containing ether- and 
amine-functionalised phosphinoamines (Sections 2.1.2.2.4.1 and 3.1.2.2.1).
The infrared spectra of 60-63 show a marked decrease in the v(C=0) 
stretching frequency from 1643 cm"1 for free L10 to 1579-1596 cm’1, consistent with 
formation of the 6-membered P,0-chelate ring through coordination of the ketone 
group.
4.1.2.2.1.1 X-ray Crystal Structure of [Pt(dmba)(Llo-P,0)]PF6 (63)
Complex 63 was recrystallised from dichloromethane/pentane as block shaped 
crystals suitable for X-ray crystallographic studies. The crystal structure confirmed 
the trans arrangement of the phosphorus and nitrogen as well as coordination of the 
ketone group to give a 6-membered P, 0-chelate ring (Figure 1); selected bond lengths 
and angles are given in Table 3.
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Table 3. Selected bond lengths [A] and angles [°] for 63.
Pt(l)-C(13) 2.016(6) Pt(l)-P(l) 2.193(2)
Pt(l)-0(1) 2.089(4) P(l)-N(l) 1.731(5)
Pt(l)-N(2) 2.135(5) 0(1)-C(26) 1.259(8)
C(13)-Pt(l)-0(1) 169.0(2) 0(1)-Pt(l)-P(l) 93.49(13)
C(13)-Pt(l)-N(2) 82.2(2) N(2)-Pt(l)-P(l) 178.96(14)
0(1)-Pt(l)-N(2) 86.9(2) N(l)-P(l)-Pt(l) 110.1(2)




The platinum(II) centre in 63 is distorted square-planar, with cis angles 
between 82.2(2) and 97.3(2)°. The phosphorus atom of the bidentate N-pyrrolyl
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phosphine ligand L10 is trans to the amine nitrogen atom, consistent with the NMR 
data, while the ketone oxygen atom is trans to the carbon atom of dmba ligand.
The sum of the angles around the nitrogen atom N (l) is 359° which is similar 
to that found in the free ligand L 10 [N(l) 360°],11 and is consistent with the nitrogen 
being sp2 hybridised. The P-N bond distance of 1.731(5) A  is significantly longer than 
seen for complexes containing ether-functionalised phosphinoamine [1.616-1.680 A] 
(Chapter 2), and is consistent with the generally accepted range for a P-N single 
bond.12 This is marked contrast to the ether-functionalised phosphinoamines, which 
showed significant double bond character. Comparison with the P-N bond length in 
the free ligand L 10 [1.7637(14) A ]11 shows that coordination to give the 6 -membered 
P, 0-chelate ring results in shortening of the P-N bond, suggesting more double bond 
character than in the free ligand due to increased rc-donation from the nitrogen to 
phosphorus.1
The Pt-P bond distance of 2.193(2) A  is significantly shorter than those found 
in the ether-functionalised phosphinoamine complex cis- [PtBrCNOaXL'k] (16) 
[2.256(2) and 2.2684(14) A] (Section 2 .1.2 .1.4.4.1) as well as the generally accepted 
Pt-P bond to triphenylphosphine (2.25-2.33 A ).13 This shortening of Pt-P bond is 
similar to that observed for the Rh-P bonds in /ra«s-[RhCl(CO) {P(pyrrolyl)3 h ] ,1 in 
which the short Rh-P bond lengths were attributed to increased rc-backbonding from 
rhodium to the phosphorus.
In 63 the coordinated ketone is bonded through a lone pair on the oxygen. The 
Pt- 0  bond distance of 2.089(4) A  is shorter than those found in the acetone complexes 
[Pt(CH2PPh2CH2PPh2-C,P)(PPh3)(OCMe2)](PF6)214 [2.133(16) A] and 
rrara-[Pt(PPhMe2)2Me(OCMe2)]PF615 [2.168(5) A], whilst the C=0 bond length of 
1.259(8) in 63 is comparable, 1.25(4) and 1.226(9) A  respectively. On coordination,
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the C= 0  bond length increases compared with the free ligand [1.216(2) A] suggesting 
less double bond character, though it is still shorter than expected for a C-O single 
bond.13’16
Comparison of the Pt-C and Pt-N bond distances and bite angle that the dmba 
chelate makes with the platinum(II) centre in 63 [Pt(l)-C(13) 2.016(6), Pt(l)-N(2) 
2.135(5) A and 82.2(2)°] with that observed in [Pt(dmba)(p-PPh2 0 -P,0)]i (35) 
(Section 2.1.2.2.4.3.1) show that the dmba ligand is relatively unaffected on changing 
the phosphine trans to the nitrogen.
4.1.2.2.2 Lability of the Coordinated Ketone Oxygen
The ketone oxygen atom is expected to form stronger bonds to the metal 
centre than the ether oxygen atoms of complexes 25 and 26, which consequently may 
decrease its lability.5 A range of ligands, including carbon monoxide (CO), 
acetonitrile (NCCH3), diphenylacetylene (PhCCPh) and xylyl isocyanide (CNXyl) 
were added to a solution of [Pt(dmba)(L10-P,O)]PF6 in dichloromethane. The reaction 
mixtures were analysed by infrared spectroscopy, using the v(C=0) stretching 
frequencies to check if the ketone group remained coordinated.
These experiments demonstrated that only xylyl isocyanide was able to 
displace the keto group. The infrared spectra showed a strong band for v(C=0) at 
1653 cm'1, consistent with the uncoordinated ketone, as well as a band for v(CN) at 
2180 cm'1, which is similar to the stretching frequency observed for the coordinated 




4.1.2.3.1 Synthesis of [RhCl(CO)(L10-/>, 0)]
The reaction of two equivalents of L 10 with [Rh(p-Cl)(CO)2 ] 2  in 
dichloromethane gave the P, O-chelate [RhCl(CO)(L10-P,O)] (64), which was 
characterised on the basis of microanalysis, infrared and multinuclear NMR 
spectroscopy (see Experimental Section).
The 3 1P{1H} NMR spectrum of 64 showed a doublet with ^(PJRh) of 178 Hz. 
The !J(P,Rh) of 64 is similar to that observed for the 6 -membered P/V-chelate 
rhodium(I) complex [RhCl(CO)(L8-P,/V)] (54) [!J(P,Rh) = 181 Hz] (Section 3.1.2.5) 
and typical for a phosphorus trans to a chloride in a rhodium(I) system. 17











64 /rans-[RhCI(CO)(Ll"-/>,0)] 93.6 178 2.60s 1989vs 1576s
65 rrans-[RhCl(CO)(L,0)2] 84.4 158 2.40s 1963vs 1650s
66 [RhCl(CO)(PPh2OPPh2 ) ] 2 - - - 1964vs -
1793m
The *H NMR spectrum of 64 was as expected, with the methyl protons 
deshielded relative to 64 [A8  = 0.40 ppm for 64 with respect to 65] suggesting the 
coordination of the ketone oxygen atom to form a 6 -membered P, O-chelate ring. The 
infrared spectrum of 64 showed a single band for v(C=0) at 1576 cm'1, also 
consistent with the coordination of the ketone group.
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In order to examine the lability of the Rh-0 bond, 64 was reacted with a range 
of ligands, including carbon monoxide (CO), diphenylacetylene (PhCCPh) and xylyl 
isocyanide (CNXyl). The reactions in dichloromethane were analysed using NMR and 
infrared spectroscopy, using the v(C=0) stretching frequencies to check the 
coordination of the ketone group.
The addition of diphenylacetylene to a solution of 64 in dichloromethane, 
showed no change in both the 31P{1H} NMR and infrared spectrum, consistent with 
the ketone group remaining coordinated. Bubbling CO through a dichloromethane 
solution of 64, resulted in the broadening of the phosphorus signals as observed from 
the 31P{1H} NMR spectrum (Figure 2). The infrared spectrum showed two broad 
carbonyl bands [v(CO)] at 2078 and 2002 cm'1, and three bands for the ketone group 
[v(C=0)] at 1645, 1621 and 1587 cm'1. The v(C=0) band at 1645 cm'1 is consistent 
with the presence of an uncoordinated ketone group suggesting formation of 
[RhCl(CO)2(L10)] whereas the band at 1587 cm'1 is consistent with the presence of a 
coordinated ketone and formation of [Rh(CO)2(L10-P, 0)]C1. However, degassing the 
reaction mixture led to the reformation of 64, demonstrating that the interaction of the 
CO ligand with the rhodium(I) metal centre is reversible.
The infrared and NMR spectra of the product from the reaction of 64 with 
xylyl isocyanide showed a mixture of products to have resulted. From the infrared 
spectrum, the presence of both the coordinated [v(C=0) 1584 cm'1] and 
uncoordinated [v(C=0) 1653 cm'1] ketone group as well as two bands attributed to 
v(CN) [2099 cm'1] and v(CO) [1994 cm'1] suggested that the isocyanide has not only 
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(A = No CO added, B = CO saturated solution)
4.1.2.3.2 Synthesis of frans-[RhCl(CO)(LI#)2]
The reaction of four equivalents of L 10 with [Rh(n-Cl)(CO) 2 ] 2 in toluene 
resulted in the rapid evolution of CO gas with the formation of a yellow solution. 
After 5 minutes the yellow product /ra«s-[RhCl(CO)(L10)2] 65 began to precipitate 
from solution. 65 was characterised on the basis of microanalysis, infrared and 
multinuclear NMR spectroscopy (see Experimental Section).
The 3 1P{1H} NMR spectrum of 65 showed a broad doublet (5 84.4 ppm) with 
‘j(P,Rh) of 158 Hz. The coupling constant of 65 is similar to that of the previously 
reported complex [RhCl(CO){PPh2 (j>yrrolyl)} 2 ] 1 [’j(P,Rh) 140 Hz] suggesting 
the phosphorus atoms are trans to each other. This is also indicated by the presence of
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only one phosphorus environment. The infrared spectrum in dichloromethane showed 
a band for v(C=0) at 1650cm'1, similar to that of the free ligand indicating the ketone 
group is uncoordinated, and one band for v(CO) at 1981 cm'1.
Using the reported correlation18 between v(CO) for frww-[RhCl(CO)(PR3)2] 
and [Ni(CO)3(PR3)] (Ai band), the v(CO) for [Ni(CO)3(L10)] (Ai band) is estimated to 
be approximately 2070 cm'1 from which using equation l 19 the value of the electronic 
parameter % for L10 is 14.4. From which the substituent contribution %i for the 2-acetyl 
iV-pyrrolyl group can be determined as the value of the Xi for a phenyl group is 
known, this gives an estimate of for the 2-acetyl A-pyrrolyl as 5.8. Comparison of 
the electronic parameter with that for the unsubstituted A-pyrrolyl (xi = 12)1, 
functionalised amine (Sections 2.1.2.4.2 and 3.1.2.5) and phenyl groups (xi -  4.3), 
shows that its electronic contribution (xi) is considerably less than that of an 
unsubstituted A-pyrrolyl group, though larger than that for phenyl and functionalised 
amine groups.
4.1.2.3.3 Formation of [RhCl(CO)(p-PPh2OPPh2)]2
Dissolution of 65 in dichloromethane gave a yellow solution, which on 
standing at room temperature for a few hours turned red and gave red crystals, from 
which a suitable sample for single crystal X-ray analysis was obtained. Analysis of 
these revealed the complex to be the dinuclear species [RhCl(CO)(p-PPh2OPPh2)]2 
(66). Unfortunately, due to the poor solubility of the red crystalline material in most 
common solvents, analysis by NMR was unsuccessful. The infrared spectrum of 66  
showed two v(CO) bands at 1964 and 1793 cm'1, consistent with a terminal and 
bridging carbonyl group respectively. The absence of a band for v(C=Q) shows that
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the ketone group has been lost. Cooling the yellow solution of 65 in dichloromethane 
to below 10°C was found to stabilise 65 to decomposition, but on warming to room 
temperature the sample decomposes to give a red solution and precipitate. The 
formation of 66  is believed to be due to catalytic cleavage of the P-N bond of 
Ph2PNC4H3(COCH3-2 ) (L10) by a trace amount of water.
4.1.2.3.3.1 X-ray Crystal Structure of [RhCI(CO)(p-PPh2OPPh2)]2 (66)
The crystal structure revealed that the complex 66  was a dinuclear species 
with bridging PPh2OPPh2 ligands (Figure 3). Selected bond lengths and angles are 
given in Table 5.
The asymmetric unit in 66  consists of one half of a rhodium dimer and one 
dichloromethane molecule with half-site occupancy. The remaining portion of the 
dimer is generated via the 1-x, -y, -z transformation. The coordination geometry 
around each rhodium centre is distorted trigonal bipyramidal, with two phosphorus 
atoms from different bridging bis(diphenylphosphine) monoxide ligands arranged 
trans to each other in the axial positions. Coordination around each rhodium centre is 
completed by one terminal and two bridging ligands, which occupy the equatorial 
positions. The equatorial ligands are carbonyls and chlorides which are disordered 
equally between the terminal and bridging positions, with each of these ligands in the 
crystal structure modelled as 50% chloride and 50% carbonyl.
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Table 5. Selected bond lengths [A] and angles [°] for 66.
Rh(l)-C(26) 1.83(2) Rh(l)-Cl(2) 2.464(5)
Rh(l)-C(27) 1.84(2) P(l)-0(3) 1.636(3)
Rh(l)-P(l) 2.2917(13) P(2)-0(3) 1.651(3)
Rh(l)-P(2)' 2.2986(13) 0(1)-C(26) 1 .1 2 (2 )
Rh(l)-Cl(l) 2.361(5) 0(2)-C(27) 1.17(2)
C(26)-Rh(l)-C(27) 151.3(6) P(l)-Rh(l)-Rh(l)' 91.50(4)
C(26)-Rh(l)-P(l) 90.8(4) P(2)'-Rh(l)-Rh(l)f 89.94(4)
C(27)-Rh(l)-P(l) 87.5(4) Cl(l)-Rh(l)-Rh(l)' 145.98(7)
C(26)-Rh(l)-P(2)' 89.3(4) Cl(2)-Rh(l)-Rh(l)' 65.10(8)
C(27)-Rh(l)-P(2)' 91.2(4) 0(3)-P(l)-Rh(l) 113.17(13)
P(l)-Rh(l)-P(2)' 177.46(5) 0(3)-P(2)-Rh(l)' 113.73(12)
C(27)-Rh(l)-Cl(l) 148.5(4) C(26)-C1(1)-0(1) 160(2)
P(l)-Rh(l)-Cl(l) 89.43(7) 0(1)-Cl(l)-Rh(l) 169.6(11)
P(2)'-Rh(l)-Cl(l) 90.55(7) 0(2)-Cl(2)-C(27) 143(2)
C(26)-Rh( 1 )-Cl(2) 151.7(4) 0(2)-Cl(2)-Rh(l) 146.2(12)
P(l)-Rh(l)-Cl(2) 85.45(7) C(27)-Cl(2)-Rh(l) 6.0(13)
P(2)'-Rh(l)-Cl(2) 93.27(7) P(l)"0(3)-P(2) 125.9(2)
Cl(l)-Rh(l)-Cl(2) 148.74(11) Cl(l)-C(26)-Rh(l) 166(2)
C(26)-Rh( 1 )-Rh( 1)' 143.2(4) 0(1)-C(26)-Rh(l) 176.3(13)
C(27)-Rh( 1 )-Rh( 1)' 65.5(4) 0(2)-C(27)-Rh(l) 165.7(12)
Primed atoms generated by the symmetry transformations -x+l, -y, -z.








onA search of the Cambridge Structural Database showed that 6 6  is the first 
crystallographically characterised example of a rhodium dimer with bridging 
PPh2 0 PPh2 ligands. In contrast, a considerable number of rhodium dimers in which 
the related bridging ligand bis(diphenylphosphino)methane (dppm) is present have 
been crystallographically characterised. Analysis of the Rh-Rh distances from the 
complexes containing the Rh2(p-dppm) 2  skeleton, showed that the Rh-Rh distance in 
6 6  (2.8683(9) A) lies within the ranges observed for compounds which both contain a 
formal Rh-Rh single bond [2.52-3.01 A (mean 2.77 A)] and also for those in which a
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formal Rh-Rh bond is absent [2.83-3.47 A  (mean 3.16 A)]. However, a number of 
other structural factors suggest the presence of a Rh-Rh bond. For example, the P—P 
separation between the phosphorus atoms of the same ligand (2.93 A) is longer than 
the Rh-Rh distance indicating compression along the Rh-Rh intemuclear axis. In 
addition, the Cl—Cl (4.54 A ) and C—C (3.60 A) distances across the central 'square' 
are significantly longer than the Rh-Rh distance.
Although the structural parameters suggest a Rh-Rh bond to be present, the 
disorder within the crystal structure makes it difficult to confirm this on the basis of 
electron counting rules. Indeed, neither [Rli2(p-Cl)2(p-PPh2 0 PPh2)2(C0 )2] nor 
[Rh2Cl2(p-PPh2OPPh2)2(li-CO)2] would be expected to have Rh-Rh bonds.
The Rh-CO and Rh-Cl terminal bond distances in complex 6 6  are similar to 
the expected values for terminal Rh-CO, and Rh-Cl bonds respectively.13 The 
bridging ligands are very asymmetric, with the Rh-C(27) distances 1.84(2) and 2.69 A 
and the Rh-Cl(2 ) distances 2.464(5) and 2.889 A. This asymmetry is also reflected in 
the bond angles, with the bridging carbonyl ligands [Rh(l)-C(27)-0(2) 165.7(12)°] 
showing only a small deviation from the linear conformation observed for the 
terminal carbonyl [0(1)-C(26)-Rh(l) 176.3(13)°]. In addition, the bond angle 
Cl(l)-Rh(l)-Rh(l)' of 145.98(7)° shows a significant deviation from the expected 
linear [180°] arrangement expected for a symmetrical structure. Comparison of the 
C- 0  bond distances of the terminal and bridging carbonyls 1.12(2 ) and 1.17(2) A 
respectively shows that the C-0 bond length is significantly increased for the bridging 
carbonyl consistent with a reduction in the C-0 bond order. The presence of both 
bridging and a terminal carbonyls in the crystal structure of 66  is consistent with the 
observed v(CO) bands for terminal [v(CO) 1964 cm"1] and bridging [v(CO) 1793 
cm"1] carbonyls in the infrared spectrum.
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The dppm complex [Rh2Cl2(p-dppm)2(CO)2] is similar in terms of its 
chemical formula to 66, but comparison of the structural features for the two 
compounds shows a number of important differences. In [Rh2Cl2(p-dppm)2(CO)2] the 
Rh—Rh separation of 3.2386(5) A is consistent with there being no Rh-Rh bond, and 
in addition none of the carbonyl or chloride ligands are bridging. The Rh-Rh distance 
in 66 is similar to that observed in the cationic complexes 
[Rh2(p-Cl)(CO)2(p-CO)(dppm)2]X (X = BPI14 and [RhCl2(CO)2]) [2.8415(7)22 and 
2.838(1) A respectively], though these complexes differ significantly from 66 in that 
the bridging chloride and carbonyl ligands are more symmetrical.
4.1.2.3.4 Synthesis of [Rh(L10-/>,O)2]X (X = Cl and PF6)
The reaction of four equivalents of L10 with [Rh(p-Cl)(cod)]2 in 
dichloromethane gave the complex [Rh(L10-P,O)2]Cl (67) which was characterised on 
the basis of multinuclear NMR and infrared spectroscopy.
The 31P{1H} NMR spectrum of 67 showed a doublet with 1J(P,Rh) of 204 Hz. 
The large value of ^(PjRh) suggests that the phosphines are mutually cis}1 The ‘H 
NMR spectrum was as expected, with the methyl protons deshielded compared to the 
free ligand (L10) (A8 = 0.2 ppm for 67 with respect to L10), consistent with the 
deshielding of the methyl protons as observed in [RhCl(CO)(L10-P, O)] 64 on forming 
a P, 0-chelate ring. The infrared spectrum showed one strong band for v(C=0) at 
1574 cm'1 consistent with both ketone groups being coordinated to the rhodium(I) 
metal centre.
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67 [Rh(L"’-/>,0 )2]Cl 108.0 204 2.63s 1574s
6 8 [Rh(L1#-/>,0)2]PF6 108.3, 
-143.5 sep
205 2.71s 1570s
Unfortunately 67 was found to decompose in solution to give a number of 
rhodium-phosphorus containing products as shown by 3 1P{1H} NMR, and as a result 
it could not be isolated and purified. In order to stabilise 67 the chloride was replaced 
by a non-coordinating anion PF6*.
A slight excess of NH4 PF6 was reacted in situ with [Rh(L10-/>,O)2]Cl in 
dichloromethane, with the rapid precipitation of NH4 CI, and formation of 
[RhCL10-/1,0 )2]PF6 (6 8 ). Complex 6 8  was considerably more stable than 67 and as a 
result could be characterised on the basis of microanalysis, infrared and multinuclear 
NMR spectroscopy. The 3 1P{1H} NMR spectrum showed a doublet [^(PjRh) 205 Hz] 
plus a septet due to the PF6- counter ion. The chemical shift and coupling constant of 
6 8  are virtually identical to those of 67 suggesting that the cations in the two 
compounds are identical. The infrared spectrum showed one band for v(C=0) at 1570 
cm' 1 which compares well with that observed for the coordinated ketone group in 67.
In order to examine if CO could displace the keto group from 67, CO was 
bubbled through a solution of 67 in dichloromethane and results monitored by 
3 1P{1H} NMR spectroscopy. On saturating the solution with CO, decomposition 
occurred with the colour changing rapidly to give a red solution and precipitate. The
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P{ H} NMR spectrum of this red solution showed a mixture of phosphorus-rhodium 
containing products.
4.2 Conclusion
The synthetic route used for the synthesis of the amine- and ether- 
functionalised phosphinoamines was successfully adapted to allow the synthesis of 
L10 in good yield and purity. In contrast to the rapid formation of the amine- and 
ether-functionalised phosphinoamines, deprotonation of the NH group of 
2-acetylpyrrole proved very slow with NEt3, though could be speeded up using a 
stronger base.
As with the amine- and ether-functionalised phosphinoamines L10 readily 
coordinated to platinum(II), palladium(II) and rhodium(I). The relative ease in which 
the oxygen of the ketone coordinated to give a static and stable platinum(II) and 
palladium(II) complexes containing 6-membered P, O-chelate rings, is in contrast to 
the amine- and ether-functionalised phosphinoamine chelate rings which exhibited 
fluxionality and poor stability respectively.
The single crystal X-ray analysis of 63 showed that the P-N bond is 
significantly longer than observed for the amine- and ether-functionalised 
phosphinoamines, with the bond length being consistent with a P-N single bond.
The stability of the rhodium(I) complex [RhCl(CO)(L10)2] in dichloromethane, 
was found to be dependent on the temperature of the solution, with reaction with trace 
amounts of water occurring above 10°C to give the dimer
[Rh2Cl2(CO)2(PPh2OPPh2)2] (66). In contrast, the analogous ether-functionalised 
phosphinoamine complexes were stable under similar conditions.
161
The single crystal X-ray structure of 66 showed that the rhodium atoms are 
bridged by two PI12POPPI12 ligands arranged trans to each other in the axial positions, 
whilst in the equatorial plane the chlorides and carbonyl ligands are disordered 
between the bridging and terminal positions.
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Late Transition Metal Complexes of Silasesquioxanes
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5.0 Introduction
I n c o m p l e t e l y  c o n d e n s e d  s i l a s e s q u i o x a n e s  h a v e  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  
d u e  t o  t h e i r  p o t e n t i a l  u s e  a s  m o d e l s  f o r  s i l i c a  a n d  t h e  i m m o b i l i s e d  c a t a l y s t s  b a s e d  o n  
s u c h  s u p p o r t s . 1 T h e s e  h e t e r o g e n e o u s  c a t a l y s t s  a r e  u s e d  i n  a  v a s t  n u m b e r  o f  c h e m i c a l  
p r o c e s s e s ,  i n  p a r t i c u l a r  i n  t h e  p e t r o c h e m i c a l  i n d u s t r y  w h e r e  t h e i r  u s e s  v a r y  f r o m  
o x i d a t i o n  o f  h y d r o c a r b o n s  t o  p o l y m e r i s a t i o n . 2 T h e  e x t r e m e  d i f f i c u l t y  o f  i n v e s t i g a t i n g  
t h e  m e c h a n i s t i c  p a t h w a y s  i n v o l v e d  w i t h  i m m o b i l i s e d  c o m p o u n d s  l e d  t o  t h e  
d e v e l o p m e n t  o f  c o m p o u n d s  w h i c h  w o u l d  m o d e l  t h e  s u r f a c e  m o r p h o l o g i e s  o f  t h e  s i l i c a  
s u p p o r t s  a n d  t h e i r  i n t e r a c t i o n s  w i t h  t h e  i m m o b i l i s e d  c o m p o u n d s .  F r o m  t h i s  i n i t i a l  
i n t e r e s t  h a s  d e v e l o p e d  a  w i d e  r a n g e  o f  s y n t h e s e s  f o r  c o m p l e x e s  o f  m a i n  g r o u p  a n d  
t r a n s i t i o n  m e t a l s  i n  w h i c h  t h e  s i l a s e s q u i o x a n e s  a r e  c o o r d i n a t e d  a s  l i g a n d s . 3,4
S i l a s e s q u i o x a n e s  p r o v i d e  a  v a r i e t y  o f  c o o r d i n a t i o n  e n v i r o n m e n t s ,  w h i c h  c a n  
b e  v a r i e d  b y  s u b s t i t u t i o n  o f  t h e  b a s i c  t r i s i l a n o l  u n i t  b y  c h l o r o t r i m e t h y l s i l a n e  t o  r e d u c e  
t h e  n u m b e r  o f  f r e e  s i l a n o l  g r o u p s  ( F i g u r e  1 ) .
Figure 1
R-s r OH R-Sj,O SiM e3
_ O'.OH _  O ' !  OH
""Si—§ 0 — S i P H S i—§ 0 — S i P R
» I 1 R Me3SiCI I I I i Ri  R - s i - 0(l-si.R ----------- ► W - q l . s . . R
| P  |O THF/Et3N I P  | 0
Si'— O — Si Si— O — Si
R ' R R ' r
R = C6H9 o r C 6H11 R = C5H9 or CeH,,
A  n u m b e r  o f  s t r a t e g i e s  f o r  t h e  s y n t h e s i s  o f  s i l a s e s q u i o x a n e  c o m p l e x e s  h a v e  
b e e n  d e v e l o p e d  b y  F e h e r  e t .  a i .  ( F i g u r e  2 ) 3’4 T h e  f i r s t  i n v o l v e s  t h e  r e a c t i o n  b e t w e e n
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the silanols and less acidic alkyl, alkoxide or amide ligands, the second uses amine 
assisted metathesis of a metal-halide complex and finally metathetic replacement of 
metal-halide bonds by a silasesquioxide anion equivalent.
Figure 2
\  LnM(R), \
— S i-O H  + LnM (OR), ► — Si-O M L n + RH, ROH or R2NH
/  LnMNR2 /
\  \
- S i - O H  + LnMX + R3N ----------- ► — Si-O M L n + R3NHX (X = Halide)
\  t \
— S i-O M 'L m+ + LnMX ----------- ► s i-O M L n + LmM'X (X =  Halide)
The direct reaction of silanols with reactive alkoxide, amide or alkyl ligands 
works well, but is limited to the availability of suitable metal complexes. Other 
factors also limit the effectiveness of these routes, for example the direct reaction of 
silanols with metal alkyl complexes is only effective for electropositive metals (e.g. 
Zr, Ti, AI, Ga), but for the late transition metals where the metal-carbon bond is less 
reactive this route is of little synthetic use.
The amine assisted metathesis of SiO-H for metal-halide bonds is of greater 
synthetic use compared with the direct reaction of silanols with amides, alkoxides or 
alkyls ligands, and has been successfully applied to the synthesis of a number of 
compounds, for example see Figure 3. This reaction is again of limited use as a 
reactive metal halide complex is required. In addition a common side reaction of this 
route is the base assisted cyclodeprotonation of the silasesquioxane. This has been 
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Of particular synthetic interest is the use of anionic equivalents of 
silasesquioxanes such as the thallium(I) or tetraalkylstibonium siloxides. These soft 
anion sources do not promote skeletal degradation of the silasesquioxane and provide 
a useful source of silasesquioxide anions which react with complexes of the late 
transition metal series such as [Pt(cod)l2 ] 4 (Figure 4) though full experimental details 
have not been published to date.
Figure 4
R-sr0SbMe« R si—o— pt—
c / i  OSbMe4 q \
R ' ^ ° - f T S Pt(cod)l2 R S i ^ O - S i ^ M S
0  R>S'- " ° 0 0? ' R -2[Me4Sb]l OR,-®'" R
1 /  1/ I * 1/
S i— O — Si S i— O — Si
r '  ' r  r '  ' r
R = C5H9 o r C 6H11 R = C5H9 or CgH^
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5.1 R esults and  D iscussion
5.1.1 Introduction
Anionic equivalents of silasesquioxanes using thallium® or
tetraalkylstibonium, have found limited use in the synthesis of complexes containing 
late transition metals, and other high oxidation state metals.4,5 The aims o f this work 
were to develop alternative synthetic strategies based on the acidity of the free silanol 
groups, as well as the activation of the late transition metal complex to silanol 
coordination via the extraction of chloride ligands. This removes the need to use 
transmetallating agents such as thallium salts, and the problems that these entail.
5.1.2 Synthesis of the Palladium(II) and Platinum(IE) Complexes of 
Silasesquioxanes
Two synthetic routes were developed to form the platinum(II) and
palladium®) silasesquioxane complexes, both of which gave the desired complexes 
in good yields. The first method utilises the reactivity of the acidic silasequioxane 
silanol groups with the carbonate functionality in [Pt(C0 3 )(dppe)] [dppe = 
bis(diphenylphosphino)ethane] (Scheme 1). The reaction of one equivalent of 
[Pt(C0 3 )(dppe)] with (c-CsH^SiyO^O^OSiM ea (S1)6,
(c-C6H u )7Si7 0 9(0 H)2 0 SiMe3 (S2)6 and (c-C5H<,)7Si70 9(OH)3 (S3)6 in
dichloromethane, yielded the complexes [(c-C5H9)7Si709(0 SiMe3)C>2Pt(dppe)] (69), 
[(c-C6Hii)7Si709(0 SiMe3)0 2Pt(dppe)] (70) and [(c-C5H9)7Si70 9 (0 H)0 2 Pt(dppe)] (71) 
respectively. In all cases the reactions are clean, with 69, 70 and 71 the only observed 
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Complexes 69-71 were characterised on the basis of microanalysis, 
multinuclear NMR and infrared spectroscopy. The 3 1P{JH} NMR spectra of 69-71 
showed a singlet with platinum satellites (Table 1), with chemical shifts in the range 
5(P) 26.9-27.7 ppm and 1 J(P,Pt) coupling constants between 3729-3776 Hz. All three 
complexes showed an upfield shift and larger 1 J(P,Pt) coupling constants relative to 
[Pt(CC>3)(dppe)]. The chemical shifts and coupling constants of 69-71 are similar to 
those reported previously for [Pt(OSiMe3)2(dppe) ] 7 [8 (P) 27.1 ppm, 1 J(P,Pt) 3595 Hz] 
and [Pt(OMe)2(dppe) ] 8 [8 (P) 28.5 ppm, !J(P,Pt) 3342 Hz], though the coupling 
constants are slightly larger, reflecting the lower trans influence of the 
silasesquioxane. The !H NMR spectra of 69-71 were as expected with broad signals 
for the phenyl groups of dppe and the alkyl groups of the silasesquioxane ligands. The 
FAB mass spectrum of complex 69 showed the presence of a peak at m/z 1539 
corresponding to [M + H]+ and a peak at m/z 1469 corresponding to [M - SiMei^. The 
spectrum of complex 70 showed a peak at m/z 1046 corresponding to [M - Pt(dppe)]+.
The reaction of [Pt(C0 3 )(dppe)] with S1 is in marked contrast to those of 
[Pt(C0 3 )(PPh3)2 ] and [Pt(CC>3)(dppp)] for which no reaction with S1 was observed 
after several days. A similar trend for the reactivities of the
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bis(phosphine)platinum(II) carbonates has been reported previously for their reactions 
with vicinal diols. 9
The second preparative route utilised the reaction of the silasesquioxane 
silanol groups of S1 6 and S2 6 with [MCbCdppe)] [M = Pd(II) or Pt(II)] in refluxing 
dichloromethane in the presence of the base silver(I) oxide (Scheme 2). The reaction 
is slow as for the carbonate route, though it also allowed the synthesis of the 
palladium(II) silasesquioxane complex (72).
S ch em e 2 Ph^P
Si-0— M— P 
o'i o' Pl”
R  O j '  On  e j  OR1
Ag20 / j ; °  | ~>R
[MCI2 (dppe)] + CH2C |2  ^ A R. .S i - - O ^ S i .D 
R7 Si70 9(0H )2 (0R ') ref|ux -  J o  |p  K
Si"— O — Si
r '  " r
M = Pt or Pd 
R = C-C5 H9 or c-CgH-d 
R' = SiM e3 or H
Table 1. Selected 3 1P{1H} NMR data for complexes 69-72.
Complex 8 (P)/ppm *J(P,Pt)/Hz
69 [(c-C5H9)7Si7 0 9 (0 SiMe3)0 2Pt(dppe)] 27.3 3773
70 [(c-C6Hii)7 Si7 0 9 (0 SiMe3 )0 2 Pt(dppe)] 27.7 3776
71 [(c-C5 H9 )7 Si7 0 9 (0 H)0 2Pt(dppe)] 26.9 3729
72 [(c-C5H9)7S i70 9(0S iMe3)0 2Pd(dppe)] 33.7 -
Comparison of the 3 1P{1H} and !H NMR spectra of the products from the 
reaction of S1 and S2 with [PtX(dppe)] (where X = CI2 or CO3), showed that the two
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synthetic routes are equivalent. The only difference was found in purification of the 
final products, with the carbonate reaction tending to give a cleaner synthesis, while 
the final product from the silver(I) oxide route were often contaminated by a brown 
discolouration.
During the synthesis of 69 via the silver(I) oxide route the 31P{1H} NMR 
spectra showed that on prolonged reaction with silver(I) oxide the simple singlet with 
platinum satellites due to 69, was replaced by a complex pattern of singlets with 
platinum satellites centred at approximately 8 27 ppm with coupling constants 
[LJ(P,Pt)] between 3700 to 3780 Hz. Unfortunately it did not prove possible to 
identify these compounds.
The reaction of [PdCbCdppe)] with S1 was carried out via the silver® oxide 
route to check that the reaction was general for both palladium®) and platinum(II). 
The reaction took approximately one week to reach completion, with the 31P{1H} 
NMR spectra showing a singlet at 8 33.7 ppm. The !H NMR of the purified product 
showed the typical broad signals expected for the alkyl groups of the silasesquioxane 
as well as the presence of the phenyl and alkyl groups of the dppe ligand 
(Experimental Section).
The complexes 70-72 were found to be difficult to purify due to the formation 
of a waxy residue on recrystallisation. As a result of this difficulty in purifying 
samples, microanalysis of 71 and 72 were not successfully obtained.
The interest in using the trisilanol silasesquioxane (c-CsH^SiyO^OH^ (S3), 
is that on coordination to a transition metal fragment such as Pt(dppe) one of the 
silanol groups remains uncoordinated. This leaves a potential reactive site to which 
various functional groups or a second metal atom may be introduced.
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5.1.2.1 X-ray Crystal Structure of ciy-[(c-CsH9)7Si709(0 SiMe3)0 2 Pt(dppe)] (69)
Single crystals of complex 69 were grown from slow diffusion of acetonitrile 
into a toluene solution. The crystal structure (Figure 4) confirmed the identity of 69. 
Selected bond lengths and angles are given in Table 2.
Table 2. Selected bond lengths [A] and angles [°] for 69.
Pt(l)-0(1) 2.031(6) Pt(2)-0(2) 2.036(4)
Pt(l)-P(l) 2.195(2) Pt(l)-P(2) 2.204(2)
Si(l)-0(1) 1.573(6) Si(2)-0(2) 1.566(6)
0(l)-Pt(l)-0(2) 90.3(2) 0(2)-Pt(l)-P(l) 90.2(2)
P(l)-Pt(l)-P(2) 86.90(8) P(2)-Pt(l)-0(1) 92.5(2)
Pt(l)-0(1)-Si(l) 146.2(4) Pt(l)-0(2)-Si(2) 148.3(4)
Si(3)-0(12)-Si(8) 152.8(5)
The platinum(II) centre in 69 is distorted square planar with cis angles 
between 86.9 to 92.5°. The Pt-0 and Pt-P bond distances in complex 69 are similar to 
the expected values for a Pt-0 and Pt-P bonds.10 Comparison of these bond distances 
with the isoelectronic complex [Pt(OCH3)2(dppe)]8 [Pt-P = 2.222(3), 2.228(3) A, Pt-0 
= 2.037(7), 2.041(7) A] shows the Pt-O distances to be similar whereas the Pt-P bonds 
in 69 are slightly shorter than those in [Pt(OCH3)2 (dppe)] which is consistent with the 
lower trans influence of the silasesquioxane. The Si-0 bond distances in the platinum 
siloxy functions [Si(l)-0(1) = 1.573(6) A; Si(2)-0(2) = 1.566(6) A] are significantly 
shorter than those present in the silasesquioxane skeleton [1.597-1.647 A; typical 1.63 
A], while the equivalent Si-0 bond distances from the crystal structure of the
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silasesquioxane silanol (c-CsH^SiyO^OHHOSiMes)11 (S1), are 1.619(7) and 
1.616(7) A respectively. This bond shortening may be ascribed to the absence of 
electron donation from the oxygen lone pairs to the electron rich platinum centre 
which will lead to a stronger Si-O bond by enhanced electron donation to silicon; this 
effect is absent or the reverse in high oxidation state early transition metal 
silasesquioxanes.
Figure 4
Comparison of the Si/O skeleton of 69 with that of the silasesquioxane 
disilanol S1 shows that they are both very similar. For example, the intramolecular 
distance between the ligating oxygen atoms 0(1) and 0(2) in 69 is 2.88(1) A 
compared with 2.67(1) A in S1, while the intramolecular distance Si(l)-Si(3) in 69,
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which can be considered as a measure of the binding cavity, of 5.22(1) A is virtually 
identical in S1 of 5.21(1) A. These results suggest that the silasesquioxane diol is 
ideally preorganised for coordination to platinum(II) centre following deprotonation.
5.2 Conclusion
Both the carbonate and the silver(I) oxide routes have been shown to lead to 
transition metal complexes of the silasesquioxanes 69-72, though both reactions are 
slow. Initial results appear to indicate that the silver© oxide route is more general in 
that it works for both palladium©) and platinum©).
The single crystal X-ray analysis of complex 69 showed that the platinum is 
bound to the two deprotonated silanol groups of the silasesquioxane S1 in a cis 
arrangement with the dppe ligand taking up a slightly distorted configuration.
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Chapter 6
Self Assembly and Silver Isonicotinate Structure
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6.0 Introduction
The synthetic technique of self-assembly in which simple chemical systems 
self-organise to form supramolecular structures provides a very powerful tool in the 
synthesis of a vast range of compounds with interesting structures.
Out of the vast range of polygons that can be potentially synthesised using 
self-assembly, molecular squares such as [Pt(dppp)(4,4'-bipyridyl)]4(0S02CF3)81 are 
one of the simplest and have attracted considerable interest. ’ Their design and 
assembly incorporates non-chelating bidentate linear linkage units in conjunction with 
90° angular binding units. Square planar group 10 metals containing two mutually cis 
reactive sites, and two ancillary ligands (L), for example cw-[Pd(0S02CF3)2(PEt3)2], 
have been exploited to provide the required 90° angles which when combined with 
linear linkage units such as 4,4'-bipyridyl allow self assembly to occur to give the 
tetranuclear, macrocyclic molecular squares (Figure 1). The dimensions of the cavity 
produced can be varied by use of different linking ligands, for example the 
incorporation of 2,9-diazadibenzo[a/,/m]perylene as the linear linkage units increases 
the size of the cavity. This control is of particular interest in relation to the possible 
host guest chemistry. The versatility of this synthetic method has been utilised in the 
preparation of a vast range of functionalised molecular squares, with the incorporation 
of mixed metallic,4 crown ethers,2 porphyrin5 and chiral6 groups.
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Figure 1
K  / 0 T f CH2Cl2
M + N v / M \  , N-- -------------/  Vf V j r y  r .t .
M = Pt, Pd 
L = PEt3, L2 = dppp
Control over molecular assembly using a combination of coordinative bonds 
and hydrogen bonding groups to facilitate the crystal engineering of structures based 
on metal complexes is currently of considerable interest. ’ When such hydrogen 
bonding groups are incorporated into transition metal complexes the metal acts as a
O Q
rigid framework around which the complex can be built. ’ Use of suitable matching 
hydrogen bonding pairs contained within the ligands as in [Pt(H2 L)(PPh3)2]10 (H4L = 
5-aminoorotic acid), or by addition of molecules containing the complementary 
hydrogen bonding groups for example the hydrogen bonding between 
bis(thiosemicarbazide)nickel(2+) and dicarboxylate anions (Figure 2),11 provides for 
the possible linkage of such molecules into supramolecular structures.
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The carboxylic acid group (-COOH) has been shown to self-assemble to form 
either discrete dimeric or linear structures (Figure 3). The formation of discrete
Figure 3
O - H — O o  T H'"0
R~ i J^ RA . h - " °  A . h
O - - - H - O  R O R O
Dimer Linear Chain
dimeric pairs in compounds that contain two or more carboxylic acid groups can have 
a significant effect on the formation of a range of ID, 2D and 3D polymeric structures 
depending on spatial orientation of the carboxylic acid groups. For example the 
hydrogen-bonding network observed in the crystal structure of trimesic acid (Figure
The main impetus for the work in this chapter was to determine if molecular 
squares could be made by the self assembly of transition metal complexes containing 
complementary hydrogen bonding groups, instead of the linkage being made up of 
ligands such as 4,4'-bipyridine. For the geometry of the transition metal complexes to 
be suitable for the formation of supramolecular squares, as opposed to chains, the 
ligands containing the hydrogen bonding functionality have to be arranged mutually 
cis, with the angle between the two ligands as close to 90° as possible. It was hoped 
that the linkage of two carboxylic acid groups from isonicotinic acid to give the dimer 
would effectively act as a hydrogen-bonded analogue of 4,4'-bipyridine (Figure 5).
Figure 5
4,4'-Bipyridine Isonicotinic acid dimer
6.1 Results and Discussion
6.1.1 Synthesis of cis-[M(dppe)(isonicH)2 ](BF4 ) 2  (M = Pd and Pt)
Previous attempts to use the self-complementary hydrogen bonding groups of 
isonicotinic acid (isonicH) in the complexes [Pt(dppe)(isonicH)2](OS02CF3)2,13 to 
self assemble via the formation of carboxylic acid dimer pairs giving platinum 
molecular squares were unsuccessful due to hydrogen bonding of the carboxylic acid 
group to the triflate counter ion so preventing dimerisation (Figure 6). To avoid this a 
counter ion was needed which would not be involved in hydrogen bonding to the 








The reaction of two equivalents of isonicotinic acid with the reactive 
intermediate [M(dppe)(S)2 ](BF4 ) 2  (S = THF, acetone) which was formed in situ from 
[MCbCdppe)] and AgBF4 gave the complexes c/5-[Pd(dppe)(isonicH)2](BF4)2 (73) and
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c/s-[Pt(dppe)(isonicH)2](BF4)2 (74) which were characterised on the basis of 
multinuclear NMR and infrared spectroscopy.
The ^P^H } NMR spectrum of 73 showed a single phosphorus resonance, 
while complex 74 showed a singlet with platinum satellites (Table 1). The chemical 
shifts and coupling constant are both similar to those observed for the complexes 
[M(dppe)(isonicH)2](OS02CF3)2 (M = Pd and Pt) [8= 67.7 ppm; 5 39.0 ppm, ‘j(P,Pt) 
3236 Hz respectively], suggesting that 73 and 74 have similar structures. The 'H 
NMR spectra of 73 and 74 were as expected with the signal integration's consistent 
with a ratio of 1:2 for dppe and isonicotinic acid. The infrared spectra of 73 and 74 
show one strong band v(C02H) at 1734 and 1733 cm'1, which is consistent with the 
protonated carboxylic acid, as well as a strong band for v(BF4) at 1060 cm'1.
Unfortunately complexes 73 and 74 could not be purified sufficiently to get 
accurate microanalyses, so were only characterised by multinuclear NMR and infrared 
spectroscopy. As no suitable crystals for X-ray crystallographic studies could be 
obtained of either 73 or 74, examination of their potential self-assembly was not 
possible.
Table 1. Selected ^P^H } NMR and infrared data for complexes 73-74.
Complex 5(P)/ppm *J(P,Pt)/Hz v(C02H)/cm'1
73 cw-[Pd(dppe)(isonicH)2](BF4)2 68.3 - 1734
74 c/s-[Pt(dppe)(isonicH)2](BF4)2 39.2 3233 1733
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6.1.2 F o rm ation  o f  [Ag3 (isonic)2 ]BF 4
Reactions in which AgBF4 was reacted directly with [PdCkCdppe)] and 
isonicotinic acid in acetone gave unexpected results. The 31P{1H} NMR spectra of the 
reaction mixture showed a singlet at 5 68.1, consistent with the formation of
i
[Pd(dppe)(isonicH)2] . However on crystallisation, the solution gave two distinct 
crystal types; the major product formed pale yellow crystals, which lost solvent very 
rapidly and therefore were not suitable for X-ray analysis, whereas the minor 
component formed small colourless air stable crystals. Spectroscopic data suggested 
that these crystals contained neither palladium nor dppe, and were instead a silver 
isonicotinate complex [Ag3(isonic)2]BF4 (75). Further evidence for this conclusion 
was obtained by the formation of similar crystals from the reaction of silver(I) 
tetrafluoroborate with two equivalents of isonicotinic acid in the absence of 
[PdCl2(dppe)]. The product of this reaction was isolated as colourless block shaped 
crystals, and characterised on the basis of microanalysis, X-ray crystallography, 
multinuclear NMR, and infrared spectroscopy as [Ag3(isonic)2]BF4 (75). The !H 
NMR spectra of 75 showed two doublets which were attributed to the protons of the 
isonicotinate ligands at 8 9.24 [3J(H,H) = 7 Hz] and 8.65 [3J(H,H) = 7 Hz]. The
1 <5 <
C{ H} NMR spectrum for 75 showed the expected signals due to the isonicotinate 
ligand. The infrared spectrum showed bands for both v(CC>2) at 1580 and 1547 cm'1, 
and v(BF4) at 1156,1092,1026 and 1009 cm'1 (Experimental Section).
6.1.2.1 X-ray Crystal Structure of [Ag3(isonic)2 ]BF4 (75)
Compound 75 was recrystallised from acetone-hexane as colourless block 
shaped crystals suitable for X-ray crystallographic studies. The crystal structure
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revealed that complex 75 had an unusual polymeric structure consisting of Ag3 
triangles linked together pair wise by two isonicotinate ligands. Selected bond lengths 
and angles are given in Table 2.
Table 2. Selected bond lengths [A] and angles [°] for 75.
Ag(l)-Ag(2) 3.011(2) Ag(l)-Ag(3) 2.969(5)
Ag(2)-Ag(3) 3.236(5) Ag(2)-N(l) 2.172(7)
Ag(3)-N(2) 2.160(6) Ag(l)-0(1)“ 2.146(6)
Ag(l)-0(3)' 2.134(5) Ag(2)-0(4)' 2.134(6)
Ag(3)-0(2)“ 2.129(5) Ag(l)-Ag(l)ui 3.062(5)
Ag(l)~F(2) 2.808(6) A g(l)-F(3) 2.889(7)
Ag(2)-F(2)v 2.870(6) Ag(2)—F(4)v 3.130(7)
Ag(3)-F(4)v 2.948(6) Ag(2)-F(2)vi 2.898(8)
Ag(3)—F(3)™ 2.857(7) Ag(3)—F(4)™ 2.922(7)
Ag(3)-Ag( 1 )-Ag(2) 65.51(10) Ag( 1 )-Ag(2)-Ag(3) 56.61(9)
Ag( 1 )-Ag(3)-Ag(2) 57.88(10) Ag(3)-Ag( 1 )-Ag( 1)“' 136.23(8)
Ag(2)-Ag( 1 )-Ag( 1)“' 74.07(9) 0 ( l) “-Ag(l)-0(3)1 173.9(2)
0(4)‘-Ag(2)-N(l) 179.5(3) 0(2)“-Ag(3)-N(2) 175.2(3)
Primed atoms generated by the following symmetry transformations: i -x + 1, -y +1, -z
+ 1, ii -x, -y, -z, iii -x, -y, -z + 1, v -1 + x, y, z, vi 1 - x, -y, -z and vii -x, 1 - y, -z, 
respectively.
The asymmetric unit (Figure 7) consists of three silver atoms at the apices of a 
triangle, two isonicotinate anions and one tetrafluoroborate anion. The nitrogen atoms 
of the isonicotinate ligands N(l) and N(2), are coordinated to the silver atom Ag(2)
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and Ag(3) respectively, with the Ag-N bond distances [Ag(2)-N(l) 2.172(7), 
Ag(3)-N(2) 2.160(6) A] similar to the Ag-N bond distances reported for the complex 
[Ag(NC5H4C02)(NC5H4C02H)].4H20  (2.166 A).14 The silver-silver distances range 
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The extended structure of 75 shows that all four oxygen atoms of the 
carboxylate groups within the two isonicotinate anions are coordinated to silver
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atoms, with 0(1) and 0(2) bonded to Ag(l) and Ag(3) in the asymmetric unit 
generated via the symmetry operator -x, -y, 1 - z, and 0(3) and 0(4) are bonded to 
Ag(l) and Ag(2) in asymmetric unit generated via the symmetry operator 1 - x, 1 - y, 
-1 - z. The combined effect of these bonds is to render a series of one-dimensional 
columnar polymers within the crystal lattice (Figure 8). Considering these polymers in 
isolation, all the silver atoms are four-coordinate, assuming the silver-silver bonds to 
be present. The three silver-silver contacts within each triangle are composed of two 
which are bridged by a carboxylate group [Ag(l)-Ag(2) 3.011(2), Ag(l)-Ag(3) 
2.969(5) A] while the silver-silver contact between Ag(2) and Ag(3) is unbridged, and 
it is this edge that is the longest [3.236(5) A].
A centre of inversion proximate to Ag(l) (at 0.5, 0, 0) has the effect of 
interlinking these polymers into sheets with a short A g(l)—Ag(l) contact, hence 
raising the coordination of Ag(l) to five. This silver-silver contact is unbridged and 
significantly shorter [3.062(5) A] than observed for the unbridged edge of the Ag3 
triangle [Ag(2)-Ag(3)].
The presence of these two unbridged silver-silver interactions, which are both 
shorter than twice the van der Waals' radius of silver, suggests that significant Ag—Ag 
interactions are present. Indeed similar Ag—Ag interactions have been observed in the 
structure of [Ag(imidazole)2]6(ClC>4)615 in which Ag(imidazole)2 units are linked 
together into a triangle solely by silver-silver interactions with Ag—Ag contacts 
considerably longer [3.493 A] than either of the two unbridged contacts observed in 
75. These contacts have been previously ascribed to d10-d10 interactions, though such 
interactions have mainly been observed for gold(I)16 with a few examples reported for 












The angles between the plane of the silver atoms and the planes of the 
isonicotinate ligands show some distortion from the perpendicular, being 88.3(2) [for 
the isonicotinate containing N(l)] and 77.2(2)° [for the isonicotinate containing N(2)]. 
Examination of the torsion angles involving the carboxylates revealed that this 
functionality in the isonicotinate containing N(2) is considerably more twisted from 
the pyridyl plane [13(1)°] than that in the isonicotinate containing N(l) [2(1)°].
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Within the plane containing the silver triangles there are, in addition to the 
Ag* *Ag interactions, significant interactions between the silver atoms and the 
tetrafluoroborate anions (Figure 9). These anions are orientated such that one fluorine 
atom F(l) is pointing in the direction of the polymeric chains, whereas each of the 
other three fluorine atoms interact with the three silver atoms. The Ag—F distances 
range from 2.808(6) to 3.130(7) A, all within the combined van der Waals' radii for 
both atoms (3.19 A). Previous examples in which silver® and BFf interact have been
1 o
observed before for example, [Ag(2,6-dimethylpyridine)2]BF4 in which Ag—F 
interactions [3.011(8) A] serve to link the cations into chains. In this compound as in 
75, interaction with BFf leads to a reduction in the anion symmetry in the solid state 














The incorporation of isonicotinic acid into the palladium and platinum 
coordination spheres, has led to complexes with the c«-[M(dppe)(isonicH)2]2+ 
geometry required for self assembly into supramolecular squares. However, 
unfortunately no suitable crystals have been obtained for these compounds to verify 
whether such a self-assembly process does occur.
The minor component formed by the reaction of [PdCl2(dppe)], isonicH and 
AgBF4 was shown to be the compound [Ag3(isonic)2]BF4 (75). Compound 75 was 
also synthesised directly from the reaction of isonicH and AgBF4. The crystal 
structure of 75 contained both unbridged and bridged short Ag—Ag contacts within 
the Ag3 triangles and polymeric structure.
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Reactions were routinely carried out using Schlenk-line techniques under pure 
diy dinitrogen using dry dioxygen-free solvents unless noted otherwise. Microanalyses 
(C, H and N) were carried out by Mr. Alan Carver (University of Bath Microanalytical 
Service). Infrared spectra were recorded on a Nicolet 51 OP spectrometer as KBr
1 1 'X 1pellets, nujol mulls or dichloromethane solutions in KBr cells. H, C{ H} and 
31P{1H} NMR spectra were recorded on a JEOL JNM-EX270 spectrometer operating 
at 270 MHz referenced to TMS and 109.4 MHz referenced to H3PO4, respectively. 
31P{1H} NMR spectra were also recorded on a Varian Mercury 400 MHz NMR 
spectrometer. FAB mass spectra were recorded on a VG AutoSpec-Q spectrometer 
using 3-nitrobenzyl alcohol as the matrix. [PtX2(cod)] (X = Cl, Br),1 [PdCl2(cod)],2 
[Pt(C03)(dppe)],3 [M(dmba)(p-Cl)]2 (M = Pd, Pt)4, [Mo(CO)4(NHC5Hio)2],5 
[Mo(C7H8)(CO)3],6 [Rh(p-Cl)(CO)2]27 and [Rh(p-Cl)(cod)]28 were prepared by 
standard literature methods. (c-C5H9)7Si709(0 H)2 0 SiMe3 (S1),
(c-C6Hii)7Si70 9 (0 H)2 0 SiMe3 (S2) and (c-C5H9)7Si70 9(0H)3 (S3) were kindly 
supplied by H. C. L. Abbenhuis9 and used without further purification. 
Dichloromethane was distilled under a nitrogen atmosphere from CaH2, diethyl ether, 
THF, toluene, pentane and hexane were pre-dried over sodium wire, distilled from 
sodium-potassium alloy or sodium-benzophenone under a nitrogen atmosphere. L1-L4, 
L7, L8 and L10 were isolated in 80-90% yield, the palladium, platinum, molybdenum 
and rhodium complexes in 50-90% yields unless noted otherwise.
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7.1 Safety
The awareness of safety issues within laboratories is of immense importance to 
minimise the risks to yourself to those around you. You should work carefully and be 
aware of the hazards of the chemicals, solvents and equipment that you are using. 
Whilst working in a laboratory you should always wear safety glasses, protective 
clothing (lab coat, gloves) and use fume cupboards when handling toxic chemicals.
Particular care must be taken to remove any possible sources of ignition whilst 
using solvents such as diethyl ether, pentane, hexane, toluene and THF as they are 
highly flammable. Sodium-potassium alloy, sodium and CaH2 react violently with 
both water and alcohols and as such it is essential to use clean dry glassware and 
equipment when working with solvent stills containing these diying agents.
7.2 Syntheses
Synthesis of Ph2PNHCH2CHjOCH3 (L1)
Triethylamine (NEt3) (0.566 g, 5.5 mmol) and chlorodiphenylphosphine (PPI12CI) 
(1.23 g, 5.5 mmol) were added sequentially with stirring to a solution of 
2-methoxyethylamine (0.41 g, 5.5 mmol) in tetrahydrofuran (THF) (20 cm3). The 
reaction mixture was stirred for 30 minutes and the solution filtered to remove 
NEtsHCl. The resulting solution was evaporated under reduced pressure to give a pale 
yellow, viscous oil. (Found: C, 69.3; H, 6.96; N, 5.15. CisHigNOP requires C, 69.5; 
H, 7.00; N, 5.40 %). 3'P{'H} NMR (CDClj) 8  42.0; ‘H NMR (CDC13) 8 7.47 - 7.40 
(m, 4H, Ar), 7.33 - 7.24 (m, 6H, Ar), 3.32 (t, 2H, 3J(H,H) 5 Hz, CH20), 3.23 (s, 3H, 
CH3), 3.07 (dt, 2H, CH2N), 2.46 (m, 1H, NH); 1JC{‘H} NMR (CDCI3) 8  141.2 (d, 
*J(C,P) 12 Hz, Clpso), 130.8 (d, 2J(C,P) 2 0  Hz, Cortho), 128.0 (s, Cpm), 127.7 (d, 3J(C,P)
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6 Hz, Cmeta)* 73.5 (d, 3J(C,P) 6 Hz, CH20 ), 58.1 (s, CH3), 45.3 (d, 2J(C,P) 14 Hz, 
CH2N). IR (NaCl plates, c m 1): 3370 [m (br), v(NH)].
Ph2PNHCH2CH2CH2OCH3 (L2): as for L1 using NEt3 (1.11 g, 11 mmol), PPh2Cl 
(2.41 g, 11 mmol) and 3-methoxypropylamine (0.98 g, 11 mmol). Product extracted 
with diethyl ether at -78°C followed by hexane. (Found: C, 70.8; H, 7.20; N , 4.67. 
Ci6H20NOP requires C, 70.3; H, 7.38; N, 5.12%). 31P{1H} NMR (CDC13) 8 41.9; ‘H 
NMR (CDC13) 8 7.52 - 7.46 (m, 4H, Ar), 7.40 - 7.33 (m, 6H, Ar), 3.44 (t, 2H, 3J(H,H) 
6 Hz, CH20 ), 3.32 (s, 3H, CH3), 3.07 (m, 2H, CH2N), 2.20 (m, 1H, NH), 1.76 (qui, 
2H, CH2C2); 13C{’H} NMR (CDC13) 8141.3 (s, Ci,*,,), 130.9 (d, 2J(C,P) 18 Hz, Conh„),
127.8 (s, Cpara), 127.7 (s, Cmeta), 70.2 (s, CH20 ), 58.0 (s, CH3), 43.1 (d, 2J(C,P) 11 Hz, 
CH2N), 32.1 (s, CH2C2). IR (NaCl plates, cm'1): 3370 [m (br), v(NH)].
Ph2PNHCH2CH(OCH3)2 (L3): as for L 1 using NEt3 (1.13 g, 11 mmol), PPh2Cl (2.46 
g, 11 mmol) and 2,2-dimethoxyethylamine (1.17 g, 11 mmol). Product extracted with 
diethyl ether at -78°C. (Found: C, 66.4; H, 6.86; N, 4.70. C16H20NO2P requires C, 
66.4; H, 6.97; N, 4.84%). 3IP{1H} NMR (CDC13) 8 42.9; ‘H NMR (CDC13) 8 7.39 -
7.23 (m, Ar), 4.13 (t, 1H, 3J(H,H) 6 Hz, CH), 3.22 (s, 6H, CH3), 3.00 (m, 2H, CH2),
2.23 (m, 1H, NH); 13C{1H} NMR (CD2C12) 8 141.4 (d, ‘j(C,P) 12 Hz, Cipso), 130.7 (d, 
2J(C,P) 20 Hz, Cortho), 127.8 (s, C ^ ) ,  127.6 (d, 3J(C,P) 6 Hz, Cmeta), 104.3 (d, 3J(C,P) 
6 Hz, CH), 53.0 (s, CH3), 47.2 (d, 2J(C,P) 14 Hz, CH2). IR (NaCl plates, cm'1): 3368 
[ra (br), v(NH)].
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Ph2PNH(C«H4)OCH3-2 (L4): as for L 1 using NEt3 (1.13 g, 11 mmol), PPhjCl (2.46 g, 
11 mmol) and o-anisidine (1.38 g, 11 mmol). Product extracted with diethyl ether at 
-78°C. (Found: C, 73.3; H, 6.11; N, 4.95. Ci9Hi8NOP requires C, 74.2; H, 5.90; N, 
4.56%). 31P{'H} NMR (CDC13) 8  27.2; *H NMR (CDCI3) 8  7.70 - 7.64 (m, 4H, Ar), 
7.55 - 7.44 (m, 6H, Ar), 7.06 - 6.97 (m, 2H, Ar), 6.95 - 6.90 (m, 2H, Ar), 5.32 (d, 1H, 
2J(H,P) 7 Hz, NH), 3.93 (s, 3H, CH3); 13C{‘H} NMR (CDC13) 8147.3 (d, 3J(C,P) 4 
Hz, C2 ), 139.8 (d, 2J(C,P) 12 Hz, Ctp*,), 135.7 (d, 2J(C,P) 18 Hz, C l), 130.6 (d, 
2J(C,P) 21 Hz, Cortho), 128.5 (s, C ^ ) ,  128.0 (d, 3J(C,P) 7 Hz, Cmea), 120.7 (s, C5),
118.3 (s, C4), 113.6 (d, 3J(C,P) 21 Hz, C6), 109.6 (s, C3), 54.9 (s, CH3). IR (NaCl 
plates, cm'1): 3381 [m, v(NH)].
Synthesis of (Ph2P)2NCH2CH2OCH3 (L5)
Two methods for the synthesis of L5 were used:
(Method 1) NEt3 (0.566 g, 5.5 mmol) and PPI12CI (1.23 g, 5.5 mmol) were added 
sequentially with stirring to a solution of L1 (1.43 g, 5.5 mmol) in THF (20 cm3). The 
reaction mixture was stirred for two hours and the solution filtered to remove 
NEtsHCl. The resulting solution was evaporated under reduced pressure to give a 
viscous oil.
(Method 2) NEt3 (1.13 g, 11 mmol) and PPI12CI (2.46 g, 11 mmol) were added 
sequentially with stirring to a solution of 2-methoxyethylamine (0.41 g, 5.5 mmol) in 
THF (20 cm3). The reaction mixture was stirred for 2 hours and the solution filtered to 
remove NEt3HCl. The resulting solution was evaporated under reduced pressure to 
give a viscous oil.
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(Found: C, 70.4; H, 5.86; N, 2.92. C27H27ONP2 requires C, 73.1; H, 6.14; N, 3.16%). 
31P{‘H} NMR (CDCI3) 8  65.1; ‘H NMR (CDCI3) 8  7.54 (m (br), Ar), 7.45 - 7.40 (m 
(br), Ar), 3.62 (m, CH2N), 3.10 (s, CH3), 3.04 (t, 3J(H,H) 7 Hz,CH20).
Synthesis of Ph2P(S)NH(C6H4)OCH3-2 (L*)
Sulfur (0.032 g, 1.00 mmol) was added with stirring to a solution of 
Ph2PNH(C6H5)OCH3-2 (0.307 g, 1.00 mmol) in THF (10 cm3). The reaction mixture 
was stirred for 2  days and the resulting solution was evaporated under reduced 
pressure and the solid washed with cold diethyl ether (2  x 10 cm ), and the white 
insoluble material dried under reduced pressure. (Found: C, 66.3; H, 5.30; N, 4.06. 
CwHisNOPS requires C, 67.2; H, 5.35; N, 4.13 %). 31P{'H} NMR (CDC13) 8  52.7; lH 
NMR (CDCI3) 8  8.08 - 7.99 (m, 4H, Ar), 7.60 - 7.43 (m, 6H, Ar), 7.02 (d, 1H, Ar), 
6.87 - 6.82 (m, 2H, Ar), 6.74 - 6 .68  (m, 1H, Ar), 5.66 (d, 1H, 2J(H,P) 8 Hz, NH), 3.84 
(s, 3H, CH3). IR (KBr, cm-1): 3366 [m, v(NH)].
Ph2PN(CH3)CH2CH2N(CH3)2 (L7): as for L 1 using NEt3 (1.13 g, 11 mmol), PPh2Cl 
(2.46 g, 11 mmol) and HN(CH3)CH2CH2N(CH3)2 (1.14 g, 11 mmol). Product 
extracted with diethyl ether at -78°C. The resulting solution was evaporated under 
reduced pressure to give a colourless oil. (Found: C, 71.1; H, 7.96; N, 9.31. 
C17H23N2P requires C, 71.3; H, 8.10; N, 9.78 %). 31P{’H} NMR (CDC13) 8  65.4; [H 
NMR (CDCI3) 8  7.41 - 7.34 (m, 4H, Ar), 7.33 - 7.28 (m, 6H, Ar), 3.22 - 3.12 (m, 2H, 
CH2NP), 2.52 (d, 3H, 3J(H,P) 6 Hz, CH3NP), 2.35 (t, 2H, 3J(H,H) 7 Hz, CH2N), 2.17 
(s, 6H, CH3N); 13C{'H} NMR (CDCI3) 8  139.0 (d, 'j(C,P) 16 Hz, CipSo), 131.5 (d,
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2J(C,P) 20 Hz, Cortho), 127.8 (s, Cp„,), 127.6 (d, 3J(C,P) 7 Hz, Cm« ,), 58.1 (d, 2J(C,P) 6  
Hz, CH2N), 54.2 (d, 2J(C,P) 29 Hz, CH2NP), 45.3 (s, CH3N), 36.9 (s, CH3NP).
Synthesis of Ph2PNHCH2CH2N(CH3)2 (L8)
n-Butyllithium (BuLi) in hexane (6.96 cm3, 1.6 M, 11 mmol) and Ph2PCl (2.46 g, 11 
mmol) were added sequentially with stirring to a solution of H2NCH2CH2N(CH3)2 
(0.980 g, 11 mmol) in THF (40 cm3) at -78°C. The reaction mixture was stirred for 2 
hours and then slowly warmed to room temperature. The solvent was removed under 
reduced pressure and the product extracted with ice cold diethyl ether. The resulting 
solution was evaporated under reduced pressure to give a pale yellow oil. (Found: C, 
71.1; H, 7.68; N, 9.60. Ci6H2iN2P requires C, 70.6; H, 7.77; N, 10.3 %). 31P{'H} 
NMR (CDC13) 5 41.6; ‘H NMR (CDC13) 8  7.41 - 7.37 (m, 4H, Ar), 7.30 - 7.15 (m, 
6H, At), 2.89 (dt, 2H, 3J(H,P) 14 Hz, 3J(H,H) 6  Hz, CH2NP), 2.49 (m, 1H, NH), 2.24 
(t, 2H, 3J(H,H) 6  Hz, CH2N), 2.08 (s, 6H, CH3); 13C{'H} NMR (CDC13) 8  140.9 (d, 
*J(C,P) 13 Hz, Cipso), 130.7 (d, 2J(C,P) 20 Hz, CUo), 127.5 (d, 3J(C,P) 7 Hz, Cm«.),
127.3 (s, Cpa™), 60.3 (d, 3J(C,P) 7 Hz, CH2N), 44.6 (s, CH3), 42.3 (d, 2J(C,P) 11 Hz, 
CH2NP). IR (NaCl, cm'1): 3370 [m (br), v(NH)].
(Ph2P)2NCH2CH2N(CHj)2 (L*): as for L1 using NEt3 (1.13 g, 11 mmol), PPh2Cl 
(2.46 g, 11 mmol) and H2NCH2CH2N(CH3)2 (0.49 g, 5.5 mmol). The resulting 
solution was evaporated under reduced pressure to give a viscous oil. 31P{1H} NMR 
(CDCI3) mixture of L9 and L8 6 64.2 and 41.6.
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Synthesis of Ph2PNC4H3(COCH3-2) (L10)
Two methods for the synthesis of L10 were used:
(Method 1): as for L 1 using NEt3 (1.31 g, 13 mmol) and PPI12CI (2.41 g, 11 mmol) 
were added sequentially with stirring to a solution of 2-acetylpyrrole (1.19 g, 11 
mmol) in THF (40 cm3). The reaction mixture was stirred for two days and the 
solution filtered to remove NEt3HCl. The resulting solution was evaporated under 
reduced pressure to give a white solid. Reciystallisation from dichloromethane-hexane 
followed by THF-hexane gave block shaped crystals.
(Method 2) Dbu (1.83 g, 12 mmol) and PPI12CI (2.41 g, 11 mmol) were added 
sequentially with stirring to a solution of 2-acetylpyrrole (1.19 g, 11 mmol) in THF 
(40 cm3). The reaction mixture was stirred for 2 hours and the solution filtered to 
remove [DbuH]Cl. The resulting solution was evaporated under reduced pressure to 
give a white solid. Product washed with hexane then recrystallised from THF-hexane 
to give block shaped crystals.
(Found: C, 73.4; H, 5.62; N, 4.75. Ci8Hi6NOP requires C, 73.7; H, 5.50; N, 4.78 %). 
31P{'H} NMR (CDCI3) 8  55.8; *H NMR (CDCI3) 8 7.40 - 7.38 (m, 6H, Ar), 7.32 -
7.27 (m, 4H, Ar), 7.16 (m, 1H, CH), 6.44 (m, 1H, CH), 6.24 (m, 1H, CH), 2.43 (s, 3H, 
CH3); 13C{'H} NMR (CDCI3) 8  187.4 (s, CO), 136.9 (d, 'J(C,P) 20 Hz, Cipso), 132.0 
(d, J(C,P) 23 Hz, Cortho), 129.4 (s, Cpara), 128.2 (d, J(C,P) 8 Hz, Cmeta), 121.1 (s, CH), 
110.9 (s, CH), 25.7 (s, CH3). IR (KBr, cm'1): 1643 [vs, v(C=0)].
Ph2P(S)NC4H3(COCH3-2) (Lu ): as for L* using sulfur (0.011 g, 0.34 mmol) and 
Ph2PNC4H3(COCH3-2 ) (0.10 g, 0.34 mmol). Product extracted using diethyl ether. 
3,P{'H} NMR (CDCI3) 8  67.3; 'H  NMR (CDC13) 8  7.78 - 7.69 (m, 4H, Ar), 7.58 -
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7.40 (m, 6H, Ar), 7.20 (m, 1H, CH), 6.96 (m, 1H, CH), 6.28 (m, 1H, CH), 2.29 (s, 3H, 
CH3). IR (KBr, cm*1): 1664 [s, v(C=0)].
Synthesis of [P d C l^ fe ]  (1)
[PdCl2(cod)] (0.100 g, 0.35 mmol) was added with stirring to a solution of L1 (0.182 
g, 0.70 mmol) in dichloromethane (40 cm3). After 30 min., the solution was 
concentrated under reduced pressure, and diethyl ether added to give yellow crystals 
of 1. (Found: C, 50.9; H, 5.20; N, 3.87. C s o ^ e C l^ O ^ P d -^ C H ^ b  requires C, 
50.7; H, 5.13; N, 3.91%). 31P{1H} NMR (CDCb) trans isomer 8  46.4; cis isomer 8  
59.0; !H NMR (CDCI3) trans isomer 8 7.85 - 7.75 (m, Ar), 7.47 - 7.36 (m, Ar), 4.28 
(m (br), 1H, NH), 3.23 (t, 2H, 3J(H,H) 6 Hz, CH20), 3.22 (s, 3H, CH3), 2.80 (m, 2H, 
CH2N); cis isomer 8  7.8 - 7.3 (m, Ar), 4.40 (m (br), 1H, NH), 3.28 (s, 3H, CH3), 3.16 
(t, 2H, 3J(H,H) 6 Hz, CH20), 2.56 (m, 2H, CH2N); FAB-MS, m/z 697 [M +H\\ 661 
[M-Cl]+. IR (KBr, cm’1) trans isomer: 3351 [w, v(NH)].
[PdCl2(L2)2] (2): as for 1 using [PdCl2(cod)] (0.103 g, 0.36 mmol) and L2 (0.198 g, 
0.73 mmol). (Found: C, 53.0; H, 5.58; N, 3.82. C32H4oCl2N20 2P2Pd requires C, 53.1;
H, 5.57; N, 3.87%). 31P{1H} NMR (CDCI3) trans isomer 8 46.4; cis isomer 8 58.8; lH 
NMR (CDCI3) cis-trans mixture 8  7.86 - 7.80 (m, Ar), 7.60 - 7.36 (m, Ar), 7.31 - 7.25 
(m, Ar), 4.47 (br, NH), 4.11 (br, NH), 3.32 (t, 3J(H,H) 6 Hz, CH20), 3.25 (m, CH20),
3.23 (s, CH3), 3.19 (s, CH3), 2.73 (m, CH2N), 2.48 (m, CH2N), 1.58 (qui, CH2C2),
I.50 (qui, CH2C2). IR (KBr, cm’1) trans isomer: 3332 [w, v(NH)].
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[PdCl2(L3)2] (3): as for 1 using [PdCkfcod)] (0.100 g, 0.35 mmol) and L3 (0.203 g, 
0.70 mmol). (Foimd: C, 50.6; H, 5.31; N, 3.68. C32H4oCl2N2C>4P2Pd requires C, 50.8; 
H, 5.33; N, 3.71%). 31P{'H} NMR (CDClj) trans isomer 8 46.9; cis isomer 8  59.2; ‘H 
NMR (CDCI3) trans isomer 8  7.90 -  7.82 (m, 4H, Ar), 7.53 -  7.44 (m, 6H, Ar), 4.29 
(m (br), 1H, NH), 4.05 (t, 1H, 3J(H,H) 6 Hz, CH), 3.25 (s, 6H, CH3), 2.75 (m, 2H, 
CH2N); cis isomer 8  7.94 -  7.86 (m, Ar), 7.58 -  7.35 (m, Ar), 4.42 (m, 1H, NH), 4.02 
(t, 1H, 3J(H,H) 6 Hz, CH), 3.23 (s, 6H, CH3), 2.52 (m, 2H, CH2N); FAB-MS, m/z 756 
[M+Hf,  721 IR (KBr, cm'1) trans isomer: 3331 [w, v(NH)].
[PdCl2(L4)2] (4): as for 1 using [PdCl2(cod)] (0.100 g, 0.35 mmol) and L4 (0.216 g, 
0.70 mmol). (Found: C, 57.3; H, 4.66; N, 3.46. CsidfeChN zC^Pd requires C, 57.6; 
H, 4.58; N, 3.54%). IR (KBr, cm'1): 3300 [w, v(NH)].
[ P t C l j ^ ]  (5): as for 1 using [PtCl2(cod)] (0.100 g, 0.27 mmol) and L1 (0.138 g, 
0.53 mmol). Colourless crystals. (Found: C, 44.2; H, 4.57; N, 3.37. 
CsoHssCk^CbPjPt-'AC^Ck requires C, 44.3; H, 4.51; N, 3.39%); 31P{1H} NMR 
(CDCI3) 8  35.5 [1J(P,Pt) 3940 Hz]; !H NMR (CDCI3) 8  7.57 (m, 4H, Ar), 7.43 (m, 
2H, Ar), 7.30 (m, 4H, Ar), 4.08 (m (br), 1H, NH), 3.14 (s, 3H, CH3), 3.09 (t, 2H, 
3J(H,H) 5 Hz, CH2O), 2.52 (m, 2H, CH2N); FAB-MS, m/z 785 [M +H\\ 749 [M -Clf. 
IR (KBr, cm'1): 3380,3293 [w, v(NH)].
[PtCl2(L3)2] (6): as for 1 using [PtCl2(cod)] (0.136 g, 0.36 mmol) and L3 (0.210 g, 
0.73 mmol). Colourless crystals. (Found: C, 44.1; H, 4.72; N, 3.07. 
C32H40Cl2N2O4P2Pt-‘/2CH2Cl2 requires C, 44.0; H, 4.66; N, 3.16%); 31P{1H} NMR
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(CDCh) 8  35.8 ['J(P,Pt) 3940 Hz]; *H NMR (CDC13) 8  7.56 (m, 4H, Ar), 7.45 (m, 
2H, Ar), 7.32 (m, 4H, Ar), 4.09 (m (br), 1H, NH), 3.93 (t, 1H, 3J(H,H) 5 Hz, CH), 
3.14 (s, 6H, CH3), 2.45 (m, 2H, CH2). IR (KBr, cm'1): 3350,3247 [m, v(NH)].
[PtCl2(L4)2] (7): as for 1 using [PtCl2(cod)] (0.100 g, 0.27 mmol) and L4 (0.164 g, 
0.53 mmol). (Found: C, 50.1; H, 4.09; N, 2.72. C3«H36Cl2N20 2P2Pt-'/2CH2Cl2 requires 
C, 50.1; H, 4.04; N, 3.03%); 31P{‘H} NMR (CD2C12) 8  30.1 ['j(P,Pt) 3934 Hz]; ‘H 
NMR (CD2C12) 8  7.62 (m, 4H, Ar), 7.46 (m, 2H, Ar), 7.30 (m, 4H, Ar), 6.82 (m, 1H, 
NH), 6.74 (m, Ar), 6.72 (m, Ar), 6.33 (m, Ar), 6.07 (d, 1H, Ar), 3.65 (s, 3H, CH3); 
FAB-MS m/z 880 [M \\ 844 [M-CT]\ 808 [M-2Cl\*. IR (KBr, cm'1): 3371, 3199 [m, 
v(NH)].
[PtBr2(L‘)2] (8): as for 1 using [PtBr2(cod)] (0.100 g, 0.21 mmol) and L 1 (0.112 g, 
0.43 mmol). Colourless crystals. (Found: C, 40.3; H, 4.01; N, 2.75. 
C3oH36Br2N202P2Pt-1/2CH2Cl2 requires C, 40.0; H, 4.07; N, 3.06%); 31P{1H} NMR 
(CDC13) 8  36.7 [^ (P ^ t) 3904 Hz]; lH NMR (CDC13) 8 7.62 (m, 4H, Ar), 7.45 (m, 
2H, Ar), 7.35 (m, 4H, Ar), 3.97 (m (br), 1H, NH), 3.16 (s, 3H, CH3), 3.12 (t, 2H, 
3J(H,H) 6  Hz, CH20), 2.55 (m, 2H, CH2N). IR (KBr, cm’1): 3399,3293 [m, v(NH)].
Reaction of [PtChfL1)!] with AgBF^ Synthesis of [ P t^ ^ K B F ^  (9)
AgBF4 (0.060 g, 0.31 mmol) was added to a solution of [P tC ^L 1^ ] (0.100 g, 0.13 
mmol) in dichloromethane (20 cm3) and the mixture stirred in darkness for 30 
minutes. The resulting solution was filtered, the residue washed with 
dichloromethane, and the filtrate and washings combined. This solvent was then
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evaporated under reduced pressure to give 9 as a white solid. Reciystallisation from 
dichloromethane-hexane gave colourless microciystals. (Found: C, 38.1; H, 4.15; N, 
2.56. C3oH36B2F8N202P2Pt'CH2Cl2 requires C, 38.3; H, 3.94; N, 2.88%); 3IP{'H} 
NMR (CDC13) 8  39.6 [1J(P,Pt) 4346 Hz]; ‘H NMR (CDCI3) 8  7.61 (m, Ar), 7.52 (m, 
Ar), 7.35 (m, Ar), 4.20 (s (br), 2H, CH20), 3.87 (m (br), 1H, NH), 3.77 (s, 3H, CH3), 
3.22 (m (br), 2H, CH2N). IR (KBr, cm"1): 3326 [w, v(NH)], 1070 [vs (br), v(BF4)].
[Pt(L4)2](BF4)2 (10): as for 9 using AgBF4 (0.117 g, 0.60 nunol) and 7 (0.213 g, 0.30 
mmol). Recrystallisation from dichloromethane-hexane gave yellow microcrystals. 
(Found: C, 46.4; H, 3.79; N, 2.48. C a g H a ^ F g ^ C ^ P t requires C, 46.4; H, 3.69; N, 
2.85%); 31P{‘H} NMR (CD2C12) 8  27.7 [*J(P,Pt) 4162 Hz]; 'H  NMR (CD2C12) 8  7.44 
(m, Ar), 7.22 (m, Ar), 6.82 (m, 2H, Ar), 6.48 (d, 2J(H,P) 8 Hz, NH), 6.40 (m, 2H, Ar),
3.79 (s, 3H, CH3). IR (KBr, cm'1): 3296 [w, v(NH)], 1060 [vs (br), v(BF4)]. (Yield 
32%).
[Pd(L1)2](BF4)2 (11): as for 9 using AgBF4 (0.093 g, 0.48 mmol) and 1 (0.150 g, 0.22 
mmol). The solvent was then evaporated under reduced pressure to give 11 as an 
orange solid. 31P{1H} NMR (CDC13) 8  80.1; 1H NMR (CDCI3) 8  7.59 (m, Ar), 7.39 
(m, Ar), 4.07 (m (br), 1H, NH), 3.93 (s (br), 2H, CH20), 3.65 (s, 3H, CH3), 3.20 (m 
(br), 2H, CH2N). IR (KBr, cm'1): 3316 [w, v(NH)], 1080 [vs (br), v(BF4)].
[Pd(n-Cl)(Li)2]2(BF4)2 (12): as for 9 using AgBF4 (0.030 g, 0.15 mmol) and 1 (0.107 
g, 0.15 mmol). (Found: C, 47.1; H , 4.83; N, 3.66. C60H72B2Cl2FjN4O.1P.1Pd2-I/2CH2CI2 
requires C, 47.3; H, 4.79; N, 3.65%); 31P{1H} NMR (CDCI3) 8  61.4; ,H NMR
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(CDCh) 8 7.35 (m, Ar), 4.39 (br, 1H, NH), 3.32 (t, 2H, 3J(H,H) 6 Hz, CH20), 3.26 (s, 
3H, CH3), 2.72 (t (br), 2H, CH2N); FAB-MS m/z 1407 [M-BF4T, 1321 [M-2BF4] \  
660 [PdCl(L')2]+. IR (KBr, cm'1): 3274 [w, v(NH)], 1080 [vs (br), v(BF4)].
Reaction of 9 with XylNC: Synthesis of [Pt(L1)2(CNXyl)2](BF4)2 (13)
CNXyl (0.044 g, 0.34 mmol) was added to a solution of 9, formed in situ from AgBF4 
(0.069 g, 0.35 mmol) and 5 (0.133 g, 0.17 mmol). Recrystallisation from 
dichloromethane-diethyl ether followed by acetone-diethyl ether to give colourless 
crystals. (Found: C, 50.1; H, 4.82; N, 4.77. C48H54B2FgN402P2Pt requires C, 50.1; H, 
4.73; N, 4.87%); 31P{1H} NMR (CD2C12) 8  38.6 [ ^ P t )  2069 Hz]; *H NMR 
(CD2C12) 8  7.7 (m, Ar), 7.42 (m, Ar), 7.26 (t, Ar), 7.03 (d, Ar), 4.83 (m, 1H, NH), 
3.47 (t, 2H, 3J(H,H) 5 Hz, CH20), 3.17 (s, 3H, CH30), 3.07 (m, 2H, CH2N), 1.93 (s, 
6H, CH3C). IR (KBr, cm"1): 3306 [m, v(NH)], 2214 [s, v(CN)], 1070 [vs (br), 
v(BF4)].
Reaction of 9 with Acetonitrile: Synthesis of [Pt(L1)2(NCCH3)2](BF4)2 (14)
Excess acetonitrile (2 cm3) was added to a solution of 9, formed in situ from AgBF4 
(0.130 g, 0.67 mmol) and 5 (0.217 g, 0.28 mmol). The resulting solution was 
evaporated under reduced pressure to give 14 as a pale yellow solid. 31P{1H} NMR 
(CD2C12) 8  25.9 [1J(P,Pt) 3924 Hz]; ‘H NMR (CD2C12) 8  7.55 (m, Ar), 7.46 (m, Ar), 
4.33 (m (br), NH), 3.39 (t (br), CH20 ), 3.28 (s, CH30 ), 2.95 (m (br), CH2N), 2.00 (s 
(br), CH3CN). IR (KBr, cm'1): 3305 [w (br), v(NH)], 1070 [vs (br), v(BF„)].
205
Synthesis of [PtCl(N02)(L')2] (15)
A solution of NaN02 (0.070 g, 1.0 mmol) in water (4 cm ) was added with stirring to 
a solution of 5 (0.150 g, 0.19 mmol) in acetone (20 cm ). The mixture was stirred for 
5 hours, after which the solvent was removed under reduced pressure, the product 
extracted with dichloromethane (3 x 20 cm3) and recrystallised from 
dichloromethane-diethyl ether, followed by dichloromethane-hexane to give 
colourless crystals. (Found: C, 42.2; H, 4.24; N, 4.82. C3oH36ClN304P2Pt*CH2Cl2 
requires C, 42.3; H, 4.35; N, 4.77%); 31P{'H} NMR (CDCI3) 5a 33.8 ['j(P.,Pt) 4115 
Hz], 8 b 25.5 [‘J(Pb,Pt) 3186 Hz], 2J(P,P) 24 Hz; 'H  NMR (CDClj) 8  7.68 -  7.28 (m 
(br), Ar), 4.40 (m (br), NH), 3.50 (m (br), NH), 3.20-3.17 (m, CH20/CH30 ), 2.72 (m, 
CH2N), 2.58 (m, CH2N). IR (KBr, cm 1): 3396, 3264 [w (br), v(NH)], 1333 [s, 
v(N 02)].
[PtBrOVffcXL^] (16): as for 15 using NaN02 (0.300 g, 4.35 mmol) and 8  (0.377 g, 
0.43 mmol). Recrystallisation from dichloromethane-hexane gave colourless crystals. 
(Found: C, 42.8; H, 4.34; N, 4.92. CaoHseBrNsC^Pt requires C, 42.9; H, 4.32; N, 
5.01%); 31P{1H} NMR (CDC13) 8a 33.8 [1J(Pa,Pt) 4101 Hz], 8b 25.5 [‘j(Pb,Pt) 3166 
Hz], 2J(P,P) 23 Hz; ‘H NMR (CDCI3) 8  7.60 (m, Ar), 7.43 (m, Ar), 7.32 (m, Ar), 4.20 
(m, NH), 3.30 (m, NH), 3.21 (s, CH3), 3.19 (s, CH3), 3.16 (m, CH20 ), 2.73 (m, 
CH2N), 2.56 (m, CH2N); FAB-MS m/z 793 [M-NO2T, 712 [M-NO^-Brf. IR (KBr, 
cm'1): 3397,3311 [w, v(NH)], 1403,1332 [s (br), v(N02)]. (Yield 45%).
|P t(N 02)2(L1)2] (17): as for 15 using NaN02 (0.300 g, 4.35 mmol) and 8  (0.377 g, 
0.43 mmol). The mixture was stirred overnight, after which the solvent was removed
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under reduced pressure, the crude product extracted with dichloromethane (4 x 10 
cm3). The solvent was then evaporated under reduced pressure to give 17 as a pale 
yellow solid. 31P{'H} NMR (CDCI3) 8  26.8 [‘j(P,Pt) 3370 Hz]; ‘H NMR (CDCI3) 8
7.59 (m, Ar), 7.45 (m, Ar), 7.34 (m, Ar), 3.54 (m (br), NH), 3.22 (s, CH3), 3.18 (t, 
3J(H,H) 6 Hz, CH20), 2.71 (m, CH2N).
Synthesis of [Pd(dmba)Cl(L1)] (18)
[Pd(dmba)(|i-Cl)]2 (0.400 g, 0.75 mmol) was added to a solution of L 1 (0.375 g, 1.45 
mmol) in dichloromethane (30 c m ). The solution was stirred for 1 hour, after which 
the solution was concentrated under reduced pressure, filtered and pentane added, to 
give yellow crystals of 18. (Found: C, 53.5; H, 5.66; N, 5.19. C24H3oClN20PPd 
requires C, 53.8; H, 5.65; N, 5.23%); 31P{‘H) NMR (CDC13) 8  68.4; 'H  NMR 
(CDCI3) 6  7.85 (m, Ar), 7.35 (m, Ar), 6.93 (d, Ar), 6.82 (t, Ar), 6.53 (m, Ar), 4.41 (m 
(br), NH), 3.91 (m (br), CH2N (dmba)), 3.23 (m (br), CH20/CH30), 2.76 (m, CH2N, 
CH3N); FAB-MS m/z 535 [M+H\+, 499 [M-C/]+. IR (KBr, cm’1): 3285 [m, v(NH)].
[Pd(dmba)Cl(L2)] (19): as for 18 using [Pd(dmba)(p-Cl)]2 (0 .100  g, 0.18 mmol) and 
L2 (0.099 g, 0.36 mmol). Recrystallisation from dichloromethane-diethyl ether gave 
yellow crystals. (Found: C, 54.2; H, 5.85; N, 5.01. C2sH32ClN20PPd requires C, 54.7; 
H, 5.87; N, 5.10%); 31P{1H} NMR (CDC13) 6  67.6; *H NMR (CDCI3) 6  7.80 (m, Ar),
7.40 (m, Ar), 6.89 (d, 1H, Ar), 6.78 (m, 1H, Ar), 6.50 (m, 2H, Ar), 4.40 (m, 1H, NH), 
3.89 (s, 2H, CH2N (dmba)), 3.30 (t, 2H, 3J(H,H) 6  Hz, CH20), 3.19 (s, 3H, CH3O), 
2.74 (m (br), CH2N/CH3N), 1.57 (m, 2H, CH2C2). IR (KBr, cm’1): 3303 [w (br), 
v(NH)].
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[Pd(dmba)Cl(L3)] (20): as for 18 using [Pd(dmba)(ji-Cl)]2 (0.200 g, 0.36 mmol) and 
L3 (0.210 g, 0.73 mmol). Recrystallisation from dichloromethane-pentane gave yellow 
crystals. (Found: C, 52.4; H, 5.61; N, 4.80. C25H3iCIN202PPd requires C, 53.2; H, 
5.54; N, 4.96%); 31P{1H} NMR (CDC13) 6  68.4; *H NMR (CDC13) 8 7.85 (m, 4H, 
Ar), 7.42 (m, 6H, Ar), 6.95 (d, 1H, Ar), 6.82 (m, 1H, Ar), 6.55 (m, 2H, Ar), 4.48 (m, 
1H, NH), 4.14 (t, 1H, 3J(H,H) 6 Hz, CH), 3.93 (s, 2H, CH2N (dmba)), 3.25 (s, 6H, 
CH3O), 2.78 (d, 6H, 4J(H,P) 3 Hz, CH3N), 2.74 (m, 2H, CH2). IR (KBr, cm’1): 3284 
[m, v(NH)].
[Pd(dmba)Cl(L4)] (21): as for 18 using [Pd(dmba)(|j,-Cl)]2 (0.275 g, 0.90 mmol) and 
L4 (0.247 g, 0.45 mmol). Recrystallisation from dichloromethane-pentane gave yellow 
microciystals. (Found: C, 49.9; H, 4.53; N, 3.91. C28H3oClN20PPd,3/2CH2Cl2 requires 
C, 49.9; H, 4.68; N, 3.94%); 31P{1H} NMR (CDCI3) 8  59.7; *H NMR (CDC13) 8  7.85 
(m, 4H, Ar), 7.39 (m, 7H, Ar), 6.98 (m, 1H, Ar), 6 .88  (m, 1H, Ar), 6.71 (m, 2H, Ar),
6.59 (m, 2H, Ar), 6.42 (m, 1H, Ar), 6.30 (d, 1H, 2J(H,P) 8 Hz, NH), 3.94 (d, 2H, 
4J(H,P) 2 Hz, CH2N (dmba)), 3.81 (s, 3H, CH30), 2.77 (d, 6H, 4J(H,P) 3 Hz, CH3N). 
IR (KBr, cm’1): 3197 [w, v(NH)].
[P^dmbaJClfL1)] (22): as for 18 using [Pt(dmba)(p-Cl)]2 (0.141 g, 0.19 mmol) and 
L1 (0.100 g, 0.39 mmol). Recrystallisation from dichloromethane-diethyl ether gave 
colourless crystals. (Found: C, 45.9; H, 4.85; N, 4.34. C24H3oClN20PPt requires C, 
46.2; H, 4.85; N, 4.49%); 31P{1H} NMR (CDC13) 8  42.1 [lJQ?ft) 4460 Hz]; lH NMR 
(CDCI3) 8  7.86 (m, Ar), 7.40 (m, Ar), 6.98 (m, Ar), 6 .8 6  (m, Ar), 6.75 (m, Ar), 6.52
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(m, Ar), 4.23 (dt, 2J(H,P) 11 Hz, NH), 3.95 (m, CH2N (dmba)), 3.28 (t, 3J(H,H) 6  Hz, 
CH20), 3.25 (s, CH30 ), 2.89 (m, 3J(H,Pt) 24 Hz, 4J(H,P) 3 Hz, CH3N), 2.86 (m, 
CH2N). IR (KBr, cm'1): 3308 [w (br), v(NH)]. (Yield 44%)
[Pt(dmba)CI(L3)] (23): as for 18 using [Pt(dmba)(n-Cl)]2 (0.189 g, 0.26 mmol) and 
L (0.150 g, 0.52 mmol). Recrystallisation from dichloromethane-hexane gave a pale 
yellow powder. (Found: C, 46.0; H, 5.06; N, 4.21. C25H3iCIN202PPt requires C, 45.9; 
H, 4.93; N, 4.28%); 31P{‘H} NMR (CDC13) 8  42.3 ['j(P,Pt) 4470 Hz]; 'H  NMR 
(CDC13) 8  7.88 (m, 4H, Ar), 7.42 (m, 6 H, Ar), 7.02 (d, 1H, Ar), 6.89 (t, 1H, Ar), 6.78 
(m, 1H, Ar), 6.55 (m, 1H, Ar), 4.24 (dt, 1H, 2J(H,P) 12 Hz, 3J(H,H) 6 Hz, NH), 4.18 
(t, 1H, 3J(H,H) 6  Hz, CH), 3.99 (m, 2H, 3J(H,Pt) 28 Hz, 4J(H,P) 3 Hz, CH2N  (dmba)),
3.28 (s, 6 H, CH30 ), 2.94 (m, 6H, 3J(H,Pt) 23 Hz, 4J(H,P) 3 Hz, CH3N), 2.82 (m, 2H, 
CH2). IR (KBr, cm 1): 3294 [w (br), v(NH)].
[Pt(dmba)Cl(L4)] (24): as for 18 using [Pt(dmba)(n-Cl)]2 (0.257 g, 0.35 mmol) and 
L4 (0.217 g, 0.71 mmol). Recrystallisation from THF-hexane, followed by 
dichloromethane-hexane gave yellow microcrystals. (Found: C, 46.6; H, 4.40; N, 3.64. 
C28H30CIN2OPPt%CH2Cl2 requires C, 46.9; H, 4.32; N, 3.81%); 31P{1H} NMR 
(CDC13) 8  34.8 ['j(P,Pt) 4464 Hz]; ’H NMR (CDC13) 8  7.88 (m, 4H, Ar), 7.39 (m, 
6 H, Ar), 7.27 (m, 1H, Ar), 7.02 (m, 1H, Ar), 6 .88  (m, 2H, Ar), 6.71 (m, 2H, Ar), 6.58 
(m, 1H, Ar), 6.46 (m, 1H, Ar), 6.37 (d, 1H, 2J(H,P) 8 Hz, NH), 3.96 (m, 2H, 3J(H,Pt) 
28 Hz, 4J(H,P) 3 Hz, CH2N (dmba)), 3.80 (s, 3H, CH30 ), 2.90 (m, 6H, 3J(H,Pt) 23 Hz, 
4J(H,P) 3 Hz, CH3N). IR (KBr, cm'1): 3214 [w (br), v(NH)]. (Yield 46%).
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Reaction of 22 with AgBF^ Synthesis of [Pt(dmba)(L1)](BF4) (25)
AgBF4 (0.052 g, 0.27 mmol) was added to a solution of 22 (0.100 g, 0.16 mmol) in 
dichloromethane (20 c m ) and the mixture stirred in darkness for 30 minutes. The 
resulting solution was filtered, the residue washed with dichloromethane, and the 
filtrate and washings combined. This solvent was then evaporated under reduced 
pressure to give 25 as an off-white solid. Recrystallisation from 
dichloromethane-pentane gave colourless crystals. (Found: C, 42.9; H, 4.65; N, 3.96. 
C24H3oBF4N2OPPt requires C, 42.7; H, 4.48; N, 4.15%); 3IP{‘H} NMR (CD2CI2) 8
48.8 [1J(P,Pt) 4396 Hz]; ‘H NMR (CD2C12) 8  7.83 (m, Ar), 7.48 (m, Ar), 6.92 (d, Ar), 
6.77 (t, Ar), 6.32 (t, Ar), 6.15 (m, Ar), 4.11 (m (br), CH20), 4.02 (m, 3J(H,Pt) 28 Hz, 
4J(H,P) 2 Hz, CH2N (dmba)), 3.52 (s, CHjO), 3.38 (s (br), CH2N), 3.15 (m (br), NH), 
2.83 (m, 3J(H,Pt) 20 Hz, 4J(H,P) 3 Hz, CH3N). ). IR (KBr, cm'1): 3308 [w, v(NH)], 
1060 [vs, v(BF4)].
[Pt(dmba)(L4)](BF4) (26): as for 25 using AgBF4 (0.030 g, 0.16 mmol) and 22 (0.104 
g, 0.16 mmol). 31P{'H} NMR (CD2C12) 8  60.9 [‘j(P,Pt) 4393 Hz]; ‘H NMR (CD2C12) 
8  7.70 (m, Ar), 7.10 (m, Ar), 6.50 (m, Ar), 6.40 (m, Ar), 6.00 (br, NH), 4.17 (s, 
CH3O), 4.09 (CH2), 3.01 (CH3N). IR (KBr, cm'1): 3390 [w, v(NH)], 1070 [vs, 
v(BF4)].
[Pdldm balfL^llBFj) (27): as for 25 using AgBF4 (0.122 g, 0.63 mmol) and 18 
(0.200 g, 0.37 mmol). The resulting solution was evaporated under reduced pressure 
to give 27 as a pale brown solid. ^P ^H } NMR (CD2C12) 8  75.2; lH NMR (CD2C12) 8
7.79 (m, 4H, Ar), 7.47 (m, 6H, Ar), 6.94 (d, 1H, Ar), 6.84 (t, 1H, Ar), 6.43 (t, 1H, Ar),
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6.19 (t, 1H, Ar), 4.01 (s (br), 2H, CH2N (dmba)), 3.85 (m, 2H, CH20), 3.40 (br, 1H, 
NH), 3.33 (m, 5H, CH30/CH2N), 2.73 (d, 6H, 4J(H,P) 3 Hz, CH3N).
[Pd(dmba)(L1)](PF«) (28): as for 25 using AgPF« (0.192 g, 0.76 mmol) and 18 (0.200 
g, 0.37 mmol). The resulting solution was evaporated under reduced pressure to give 
28 as a yellow solid. 3IP{'H} NMR (CD2C12) 5 69.5, -143.6 (sep, 'j(P.F) 711 Hz); *H 
NMR (CD2C12) 8  8.02 (m, 4H, Ar), 7.74 (m, 6H, Ar), 6.87 (d, 1H, Ar), 7.21 (t, 1H, 
Ar), 6.87 (t, 1H, Ar), 6.36 (t, 1H, Ar), 4.14 (d, 2H, CH2N (dmba)), 4.01 (t, 2H, 
3J(H,H) 4 Hz, CH20), 3.56 (m, 1H, NH), 3.50 (s, 3H, CH30), 3.42 (m (br), 2H, 
CH2N), 2.78 (d, 6H, 4J(H,P) 3 Hz, CH3N).
Reaction of 25 with CO: Synthesis of [Pt(dmba)(CO)(L!)](BF4) (29)
CO was bubbled through a solution of 25 formed in situ from AgBF4 (0.052 g, 0.27 
mmol) and 22 (0.100 g, 0.16 mmol). Recrystallisation from dichloromethane-diethyl 
ether gave colourless crystals of 29. (Found: C, 42.6; H, 4.44; N, 3.95. 
C25H3oBF4N20 2PPt'3/2CH2Cl2 requires C, 42.3; H, 4.51; N, 3.80%); 31P{'H} NMR 
(CD2C12) 8  38.8 [‘j(P,Pt) 3666 Hz]; ‘H NMR (CD2C12) 8  7.74 (m, Ar), 7.54 (m, Ar), 
7.25 (m, Ar), 7.17 (m, Ar), 7.10 (m, Ar), 6.85 (m, Ar), 4.35 (m, 3J(H,Pt) 28 Hz, 
4J(H,P) 3 Hz, CH2N (dmba)), 3.57 (m, NH), 3.48 (t, 3J(H,H) 5 Hz, CH20), 3.26 (br, 
CH30/CH 3N) 3.20 (m, CH2N). IR (KBr, cm'1): 3334 [m, v(NH)], 2114 [vs, v(CO)], 
1060 [vs (br), v(BF„)].
(Pt(dmba)(CO)(L3)](BF4) (30): as for 29 using AgBF„ (0.039 g, 0.20 mmol) and 23 
(0.110 g, 0.17 mmol). 31P{‘H} NMR (CD2C12) 8  39.1 ['j(P,Pt) 3622 Hz]; ‘H NMR
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(CD2C12) 8  7.80 (m, Ar), 7.65 (m, Ar), 7.34 (d, Ar), 7.17 (m, Ar), 7.00 (t, Ar), 4.46 (t, 
3J(H,H) 4 Hz, CH), 4.39 (d (br), CH2N (dmba)), 4.12 (m, NH), 3.36 (s, CH30 ), 3.25 
(m, 4J(H,P) 3 Hz, CH3N), 3.13 (m (br), CH2N). IR (CH2C12, cm'1): 2106 [vs, v(CO)], 
1070 [vs (br), v(BF4)].
[Pt(dmba)(CO)(L4)](BF4) (31): as for 29 using AgBF4 (0.052 g, 0.27 mmol) and 24 
(0.100 g, 0.16 mmol). 31P{'H} NMR (CD2C12) 8  35.4 [’j(P,Pt) 3696 Hz]; ‘H NMR 
(CD2C12) 8  7.86 (m, Ar), 7.57 (m, Ar), 7.31 (m, Ar), 7.18 (m, Ar), 6 .88  (m, Ar), 6.73 
(m, Ar), 5.90 (m, NH), 4.33 (m, CH2), 3.76 (s, CH30), 3.25 (m CH3N). IR (CH2C12, 
cm'1): 2105 [s (br), v(CO)], 1060 [vs (br), v(BF„)].
Reaction of 25 with Acetonitrile; Synthesis of [Pt(dmba)(L1)(NCCH3)](BF4) (32)
Excess acetonitrile (1 cm ) was added to a solution of 25, formed in situ from AgBF4 
(0.015 g, 0.08 mmol) and 22 (0.050 g, 0.08 mmol). 31P{1H} NMR (CD2C12) 8  44.4 
[■j(P,Pt) 4252 Hz]; 'H  NMR (CDC13) 8  7.70 (m, Ar), 7.51 (m, Ar), 7.10 (m, Ar), 6.75 
(t, Ar), 4.03 (m, 4J(H,P) 3 Hz, CH2N (dmba)), 3.42 (t, 3J(H,H) 5 Hz, CH20 ), 3.28 (s, 
CH3), 3.17 (m, CH2N), 2.96 (m, 4J(H,P) 3 Hz, CH3N), 2.02 (s, CH3CN). IR (KBr, 
cm'1): 3350 [w, v(NH)], 1070 [vs (br), v(BF4)].
[Pt(dmba)(L4)(NCCH3)](BF4) (33): as for 32 AgBF„ (0.015 g, 0.08 mmol) and 24 
(0.050 g, 0.07 mmol). 31P{'H} NMR (CD2C12) 8 38.5 [1J(P,Pt) 4256 Hz]; ’H NMR 
(CDC13) 8  7.76 (m, Ar), 7.49 (m, Ar), 7.10 (d, Ar), 7.01 (m, Ar), 6.89 (m, Ar), 6.73 
(m, Ar), 5.74 (m, NH), 4.07 (m, 3J(H,Pt) 30 Hz, 4J(H,P) 3 Hz, CH2), 3.77 (s, CH30),
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2.98 (m, 3J(H,Pt) 26 Hz, 4J(H,P) 3 Hz, CH3N), 1.83 (s, CH3CN). IR (KBr, cm 1): 3370 
[w, v(NH)], 1060 [vs (br), v(BF4)].
Reaction of 26 with XylNC: Synthesis of [Pt(dmba)(L4)(CNXyl)](BF4) 34
CNXyl (0.050 g, 0.38 mmol) was added to a solution of 25, formed in situ from 
AgBF4 (0.015 g, 0.08 mmol) and 24 (0.050 g, 0.08 mmol). 31P{'H} NMR (CDClj) 8
36.7 [1J(P,Pt) 3897 Hz]; ]H NMR (CDC13) 8  7.86 (m, Ar), 7.45 (m, Ar), 7.17 (m, Ar), 
6.82 (m, Ar), 5.85 (m, NH), 4.37 (d, 4J(H,P) 3 Hz, CH2), 3.66 (s, CH3O), 3.24 (d, 
4J(H,P) 3 Hz, CH3N), 2.19 (s, CH3C). IR (KBr, cm-1): 3376 [w, v(NH)], 2179 [s, 
v(CN)], 1060 [vs (br), v(BF4)].
Formation of [Pt(dmba)(PPh20)]2  (35)
Recrystallisation of 25 from wet dichloromethane-pentane resulted in decomposition 
to give a number of compounds, with the minor component 35 isolated as colourless 
block shaped crystals.
Synthesis of [Mo(CO)4(L1)2] (36)
[Mo(CO)4(NHC5H10)2] (0 .20  g, 0.53 mmol) was added to a solution of L1 (0.29 g, 1.1 
mmol) in dichloromethane (20  cm3) and the mixture refluxed under nitrogen for 1 
hour. The resulting solution was filtered and the solution concentrated under reduced 
pressure and pentane added to precipitate any unreacted starting material. The solution 
was then filtered and the solvent evaporated under reduced pressure. Recrystallisation 
from dichloromethane-methanol at -20°C gave colourless crystals of 36. (Found: C, 
55.9; H, 5.02; N, 3.81. C34H36N2O6P2M0  requires C, 56.2; H, 4.99; N, 3.86%).
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31P{*H} NMR (CDCI3) 8 77.2; 'H NMR (CDC13) 8  7.59 (m, 4H, Ar), 7.42 (m, 6H, 
Ar), 3.28 (s, 3H, CH3). 2.95 (t, 2H, 3J(H,H) 5 Hz, CH20 ), 3.30 (m, 1H, NH), 2.68 (m, 
CH2N). FAB-MS m/z 726 [M \\ 698 [M-CO\+, 670 [M -2CO]\ 642 [M-3COf, 614 
[M-4CO]*. IR (KBr, cm'1): 3400, 3380 [w, v(NH)], 2016 [vs, v(CO)], 1900 [vs (br), 
v(CO)].
[Mo(CO)4(L3)2] (37): as for 36 using [Mo(CO)4(NHC5H,0)2] (0.100 g, 0.26 mmol) 
and L (0.161 g, 0.56 mmol). Recrystallised from dichloromethane-diethyl ether. 
3iP{'H} NMR (CDClj) 8  78.4; 'H  NMR (CDCI3) 8 7.57 - 7.48 (br, Ar), 7.44 - 7.42 
(br, Ar), 3.82 (t, 3J(H,H) 5 Hz, CH), 3.20 (s, CH3), 2.78 (m (br), NH), 2.66 (m (br), 
CH2).
[Mo(CO)4(L4)2] (38): as for 36 using [Mo(CO)4(NHC5H,0)2] (0.217 g, 0.57 mmol) 
and L4 (0.353 g, 1.15 mmol). (Found: C, 60.5; H, 4.38; N, 3.28. 
C42H36N206P2Mo CH3OH requires C, 60.4; H, 4.72; N, 3.28%). NMR (CDCI3): 
31P{'H} 8  70.9; 'H NMR (CDCI3) 8  7.65 - 7.55 (m, 4H, Ar), 7.48 - 7.32 (m, 6H, Ar),
6.75 (m, 1H, Ar), 6.67 (m, 1H, Ar), 6.35 (m, 1H, Ar), 6.11 (d, 1H, Ar), 5.88 (m (br), 
1H, NH), 3.74 (s, 3H, CH3). FAB-MS m/z i l l  [M \\ IR (KBr, cm'1): 3399 [m, 
v(NH)], 20 2 2  [vs, v(CO)], 1900 [vs (br), v(CO)].
Synthesis of [Mo(CO)3(L3)3] (39)
[Mo(C7H«)(CO)3] (0.083 g, 0.30 mmol) was added with stirring to a solution of L3 
(0.176 g, 0.61 mmol) in toluene (10 cm ). After 30 minutes, the solvent was 
evaporated under reduced pressure. Recrystallised from dichloromethane-hexane
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followed by dichloromethane-diethyl ether to give colourless crystals. (Found: C, 
58.3; H, 5.80; N, 4.06. C51H60N3O9P3M0  requires C, 58.4; H, 5.77; N, 4.01%). 
31P{'H} NMR (CDCI3) 5 78.7; ‘H NMR (CDCI3) 8  7.33 (m, 2H, Ar), 7.20 (m, 8H, 
Ar), 3.89 (t, 1H, 3J(H,H) 5 Hz, CH), 3.81 (m (br), 1H, NH), 3.23 (s, 6 H, CH3), 2.68 
(m (br), 2H, CH2). IR (KBr, cm'1): 3297 [m (br), v(NH)], 1939 [vs, v(CO)], 1842 [vs 
(br), v(CO)].
Synthesis of [RhCl(CO)(Lr)2] (40)
[Rh(n-Cl)(CO)2]2 (0.075 g, 0.19 mmol) was added with stirring to a solution of L1 
(0.200 g, 0.77 mmol) in dichloromethane (10 cm3). After 30 minutes, the solution was 
concentrated under reduced pressure and hexane added to give 40 as an orange 
powder. Recrystallisation from dichloromethane-diethyl ether gave orange crystals. 
(Found: C, 53.7; H, 5.31; N, 3.93. C31H36CIN2O3P2RI1 requires C, 54.4; H, 5.30; N, 
4.09%). 31P{1H} NMR (CDCI3) 8  60.0 [1J(P,Rh) 124 Hz]; 1H NMR (CDC13) 8  7.80 
(m, Ar), 7.45 (m, Ar), 4.22 (m, NH), 3.34 (m, CH20), 3.30 (s, CH3), 2.93 (m (br), 
CH2N). IR (KBr, cm'1): 3330 [w, v(NH)], 1988 [vs, v(CO)]; IR (CH2C12, cm'1): 1977 
[vs, v(CO)].
[RhCl(CO)(L3)2] (41): as for 40 using [Rh(|i-Cl)(CO)2]2 (0.048 g, 0.12 mmol) and L3 
(0.142 g, 0.49 mmol). (Found: C, 53.1; H, 5.38; N, 3.56. C33H40CIN2O5P2RI1 requires 
C, 53.2; H, 5.41; N, 3.76%). 31P{1H} NMR (CDC13) 8  60.3 [1J(P,Rh) 127 Hz]; ‘H 
NMR (CDCI3) 8  7.81 (m (br), 4H, Ar), 7.46 (m (br), 6H, Ar), 4.24 (m, 1H, NH), 4.14 
(t (br), 1H, CH), 3.30 (s, 6H, CH3), 2.89 (m (br), 2H, CH2). IR (KBr, cm'1): 3423, 
3318 [w, v(NH)], 1958 [vs, v(CO)]; IR (CH2Cl2,cm '‘): 1977 [vs, v(CO)].
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[RhCl(CO)(L4)2] (42): as for 40 using [Rh(n-CI)(CO)2]2 (0.050 g, 0.13 mmol) and L4 
(0.158 g, 0.51 mmol). (Found: C, 56.1; H, 4.45; N, 3.18. C37H36C]N20 3P2RhCH2Cl2 
requires C, 56.0; H, 4.58; N, 3.18%). 31P{‘H} NMR (CDC13) S 53.2 [1J(P,Rh) 131 
Hz]; ‘H NMR (CDCI3) 8  7.85 (m, Ar), 7.42 (m, Ar), 6.78 (m, Ar), 6.52 (m, Ar), 3.89 
(s, CH3/NH). IR (KBr, cm'1): 3402, 3325 [w, v(NH)], 1965 [vs, v(CO)]; IR (CH2CI2, 
cm'1): 1980 [vs, v(CO)].
Synthesis of [PtCI2(L7)2] (43)
[PtCl2(cod)] (0.136 g, 0.36 mmol) was added with stirring to a solution of L7 (0.214 g, 
0.75 mmol) in dichloromethane (10 cm3). After 30 minutes the solution was frozen 
and allowed to slowly warm up, just after all the dichloromethane had melted, the 
solution was filtered to remove a small quantity of insoluble material. The solvent was 
then removed under reduced pressure. Recrystallised from THF-hexane. (Found: C, 
49.8; H, 5.99; N, 6.19. C a^C feN ^PtC U H gO  requires C, 50.1; H, 5.98; N, 6.15%). 
31P{1H} NMR (400 MHz, CD2C12, +25°C) 8  50.1 [‘j(P,Pt) 3904 Hz], (400 MHz, 
CD2C12, -50°C) 8a 49.6 [1J(Pa,Pt) 4209 Hz], 8b 46.9 [1J(Pb,Pt) 3202 Hz], 2J(P,P) not 
determined; 1H NMR (270 MHz, CD2C12, +25°C) 8  7.46 - 7.20 (m, Ar), 3.20 (m (br), 
2H, CH2NP), 2.68 (m (br), 2H, CH2N), 2.51 (d, 3H, 3J(H,P) 10 Hz, CH3NP), 2.39 (s 
(br), 6 H, CH3N).
[PtCl2(L*)2] (44): as for 43 using [PtCl2(cod)] (0.322 g, 0.86 mmol) and L8 (0.470 g,
1.73 mmol). Recrystallised from dichloromethane-diethyl ether. (Found: C, 47.1; H, 
5.21; N, 6.14. C s a l^ C U ^ P t  requires C, 47.4; H, 5.22; N, 6.91%). 31P{1H] NMR 
(400 MHz, CD2C12, +25°C) 8  35.1 [1J(P,Pt) 3936 Hz], (400 MHz, CD2C12, -40°C) 8a
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38.4 [’j(Pa,Pt) 3953 Hz], 8 b 29.9 ['JOVPt) 3601 Hz], 2J(P,P) 18 Hz; ^P f'H } (270 
MHz, /-acetone) 8  36.8 ['j(P,Pt) 3906 Hz]; *H (270 MHz, /-acetone) 8  7.80 (m, 
Ar), 7.57 (m, Ar), 7.50 (m, Ar), 4.69 (br, NH), 2.66 (br, CH2), 2.25 (br, CH2), 2.12 
(br, CH3). IR (KBr, cm'1): 3370 [m (br), v(NH)].
Synthesis of (PtCI2(L7)] (45)
[PtCl2(cod)] (0.228 g, 0.61 mmol) was added with stirring to a solution of L7 (0.175 g, 
0.61 mmol) in dichloromethane (30 cm3). After 1 hour the solvent was removed under 
reduced pressure, and the solid washed with diethyl ether (3 x 1 0  cm ). Recrystallised 
from dichloromethane-diethyl ether to give pale yellow crystals. (Found: C, 37.1; H, 
4.22; N, 4.85. Ci7H23CI2N2PPt requires C, 37.0; H, 4.20; N, 5.07%). ^ { ‘H} NMR 
(CDCI3) 8  32.8 ['j(P,Pt) 4175 Hz]; 'H  NMR (CDCI3) 8  7.83 (m, 4H, Ar), 7.46 (m, 
6H, Ar), 3.32 (m (br), 2H, CH2), 3.27 (s (br), 2H, CH2), 3.12 (m (br), 6H, CH3N), 2.38 
(d, 3H, 3J(H,P) 8 Hz, CH3NP).
Synthesis of [PtCI(L8-/yV)(L8-P)](PF<;) (46)
T1PF6 (0.260 g, 0.75 mmol) was added to a solution of 44 (0.200 g, 0.25 
mmol) in dichloromethane (20 cm3) and the mixture stirred for 3 hours. The resulting 
solution was filtered, the residue washed with dichloromethane (20  cm3), and the 
filtrate and washings combined. The solvent was then evaporated under reduced 
pressure to give a yellow solid. Recrystallised from dichloromethane-pentane followed 
by methanol-diethyl ether to give a pale yellow crystalline material. (Found: C, 41.6; 
H, 4.71; N, 5.84. C32H42ClF6N4P3Pt requires C, 41.8; H, 4.60; N, 6.09%). 31P{’H} 
NMR (CD2C12) 8.40.3 ['j(Pa,Pt) 4038 Hz], 8b 33.2 ['j(Pb,Pt) 3587 Hz], 2J(P,P) 20 Hz,
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-143.5 (sep, ‘j(P,F) 714 Hz, PF6); *H NMR (CD2CI2) 8  7.73 - 7.58 (m, Ar), 7.47 (m, 
Ar), 7.34 (m, Ar), 3.47 (br, CH2), 3.32 (m, NH), 3.07 (m (br), CH2), 2.99 (m, 4J(H,P) 
3 Hz, CH3NPO, 2.45 (m, CH2), 2.26 (br, CH2), 2.06 (s, CH3N). IR (KBr, cm'1): 3367, 
3212 [m, v(NH)], 840 [vs, v(PF6)].
Synthesis of [PtCI(L8-/>,A)(L8-/*)](BF4) (47)
A solution of NaBF4 (0.236 g, 2.15 mmol) in methanol/water (10 cm ) was added with 
stirring to a solution of 44 (0.174 g, 0.22 mmol) in methanol (20 c m ). After 30 
minutes the solvent was removed under reduced pressure, the product was extracted 
with dichloromethane (3 x 10 cm3) and recrystallised from dichloromethane-pentane 
followed by dichloromethane-diethyl ether to give pale yellow crystalline material. 
31P{1H} NMR (CD2CI2) 8a 40.2 [1J(Pa,Pt) 4008 Hz], 8b 32.8 [^(PbsPt) 3595 Hz], 
2J(P,P) 20 Hz; !H NMR (CD2C12) 8  7.72 (m, Ar), 7.58 (m, Ar), 7.45 (m, Ar), 7.32 (m, 
Ar), 3.45 (br, CH2), 3.31 (br, NH), 2.96 (br, CH3/CH2), 2.41 (br, CH2 ), 2.16 (br, 
CH2), 1.97 (s, CH3N). IR (KBr, cm'1): 3436, 3280 [w (br), v(NH)], 1070 [vs (br), 
v(BF4)].
[Pd(dmba)Cl(L7)] (48): as for 18 using [Pd(dmba)(p-Cl)]2 (0.189 g, 0.34 mmol) and 
L7 (0.196 g, 0.68 mmol). 31P{1H} NMR (CDCI3) 8  93.2; lH NMR (CDC13) 8  8.0 -
7.75 (br, 4H, Ar), 7.55 - 7.25 (br, 6H, Ar), 7.06 - 6.94 (m, 3H, Ar), 6.72 (t, 1H, Ar), 
4.03 (br, 2H, CH2N (dmba)), 3.31 (m (br), 2H, CH2NP), 2.81 (s (br), 6H, CH3N 
(dmba)), 2.66 (d, 3H, 3J(H,P) 10 Hz, CH3NP), 2.46 (br, 2H, CH2N), 2.15 (s (br), 6H, 
CH3N).
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|Pt(dmba)CI(L7)] (49): as for 18 using [Pt(dmba)(p-Cl) ]2 (0.204 g, 0.28 mmol) and 
L7 (0.160 g, 0.56 mmol). Recrystallised from dichloromethane-diethyl ether. (Found: 
C, 48.1; H, 5.57; N, 5.87. CaJfeClNsPPt requires C, 48.0; H, 5.42; N, 6.45%). 
3IP{'H} NMR (CDC13) 5 66.4 [‘J(P,Pt) 4618 Hz]; 'H  8  7.85 (m, 4H, Ar), 7.38 (m, 6 H, 
Ar), 7.10 (m, Ar), 6.97 (t, Ar), 6.69 (t, Ar), 4.05 (m, 2H, 4J(H,P) 3 Hz, CH2N (dmba)), 
3.38 (m, 2H, CH2NP), 2.95 (m, 6H, 4J(H,P) 3 Hz, CH3N (dmba)), 2.75 (d, 3H, 3J(H,P) 
11 Hz, CH3NP), 2.49 (t, 2H, 3J(H,H) 8 Hz, CH2N), 2.14 (s, 6 H, CH3N).
Synthesis of [Pt(dmba)(L7)](PF6) (50)
T1PF6 (0.072 g, 0.21 mmol) was added to a solution of 49 (0.103 g, 0.16 mmol) in 
dichloromethane (10 cm ) and the mixture stirred overnight. The resulting solution 
was filtered, residue washed with dichloromethane and the filtrate and washings 
combined. The solvent was then evaporated under reduced pressure to give a yellow 
solid. Recrystallised from dichloromethane-hexane to give a crystalline material. 
3IP{‘H} NMR (CD2C12) 8  51.2 [*J(P,Pt) 4880 Hz], -143.6 (sep, 'j(P,F) 771 Hz, PF6); 
‘H NMR (CD2C12) 8  7.85 (m, Ar), 7.48 (m, Ar), 6.82 (d, 1H, Ar), 6.63 (t, 1H, Ar), 
6.40 (m, 1H, Ar), 6.21 (t, 1H, Ar), 3.99 (m (br), 2H, CH2N (dmba)), 3.26 (br, 4H, 
CH2N/CH2NP), 2.90 (s, 6H, CH3N), 2.88 (m, 6H, 4J(H,P) 3 Hz, CH3N (dmba)), 2.44 
(d, 2H, 3J(H,P) 9 Hz, CH3NP).
[Pt(dmba)(L7)](BF4) (51): as for 25 using AgBF4 (0.110 g, 0.57 mmol) and 49 (0.337 
g, 0.51 mmol). 31P{1H} NMR (CD2C12) 8  51.2 [‘j(P,Pt) 4876 Hz]; ‘H NMR (CD2C12) 
8  7.84 (m, Ar), 7.44 (m, Ar), 6.82 (d, 1H, Ar), 6.61 (t, 1H, Ar), 6.36 (m, 1H, Ar), 6.18 
(t, 1H, Ar), 3.99 (m, 2H, CH2N (dmba)), 3.26 (br, 4H, CH2N/CH2NP), 2.92 (s, 6 H,
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CH3N), 2.89 (m, 6H, 4J(H,P) 3 Hz, CH3N (dmba)), 2.44 (d, 3H, 3J(H,P) 9 Hz, 
CH3NP). IR (KBr, cm'1): 1070 [vs (br), v(BF4)]. (Yield 41%)
Synthesis of [Pt(L7-fyV)(|>L7)CoCI3] (52)
C0CI2.6H2O (0.069 g, 0.29 mmol) was added to a solution of 43 (0.244 g, 0.29 mmol) 
in acetone (20 cm3). The solution was stirred 30 minutes, after which the solvent was 
removed under reduced pressure, the product extracted with dichloromethane (4 x 1 0  
cm3) and recrystallised from dichloromethane-diethyl ether to give small blue crystals. 
(Found: C, 40.9; H, 4.76; N, 5.45. C a ^ C W ^ C o P t - ^ C ^ C h  requires C, 41.0; H, 
4.69; N, 5.54%). FAB-MS m/z 803, [PtCl(L7)2]+.
Synthesis of [Pt(L7-P,iV)(p-L7)ZnCl3]: as for 52 using ZnCh (0.074 g, 0.54 mmol) 
and 43 (0.455 g, 0.54 mmol). Recrystallised from dichloromethane-diethyl ether to 
give colourless crystalline material. (Found: C, 40.1; H, 4.60; N, 5.22. 
C34H46N4P2Cl3PtZn-3/2CH2Cl2 requires C, 40.0; H, 4.63; N, 5.25%).
Synthesis of [Pt(0 2C6H3tBu)(L7)2] (53)
L7 (0.306 g, 0.82 mmol) was added to a solution of [Pt(0 2 C6H3tBu)(cod)] formed in 
situ from [PtCl2(cod)] (0.200 g, 0.53 mmol), t-butyl catechol (0.089 g, 0.53 mmol) and 
Dbu (0.17 cm3, 0.173 g, 1.14 mmol). The mixture was stirred for 30 minutes after 
which the solvent was removed under reduced pressure and the product extracted with 
hexane (40 cm3). The solution was then cooled to -78°C to precipitate the product as 
an orange powder. (Found: C, 56.2; H, 6.34; N, 6.04. C44Hs8N402P2Pt requires C, 
56.7; H, 6.27; N, 6.01%). 31P{1H} NMR (CDC13) 8a 55.4 [^(P^Pt) 3796 Hz], 8b 54.5
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[1J(Pb,Pt) 3800 Hz], 2J(P,P) 27 Hz; *H NMR (CDC13) 8  7.60 (m, Ar), 7.38 (m, Ar), 
7.22 (m, Ar), 6.85 (m, Ar), 6.71 (m, Ar), 6.56 (m, Ar), 3.34 (m (br), 2H, CH2NP), 2.83 
(m, 3H, CH3NP), 2.43 (m, 2H, CH2N), 2.15 and 2.12 (s, 6H, CH3N), 1.40 (s, 9H, 
t-Butyl).
Synthesis of [RhCI(CO)(L8)] (54)
[Rh(|i-Cl)(CO)2]2 (0.074 g, 0.19 mmol) was added to a stirred solution of L8 (0.103 g, 
0.38 mmol) in dichloromethane (10 cm3). After 30 minutes the solvent was evaporated 
under reduced pressure. Reciystailised from dichloromethane-hexane to give a red 
crystalline material. (Found: C, 45.8; H, 4.64; N, 5.52. CisHjoCINjCy’Rh-'/sCl^Clj 
requires C, 45.6; H, 4.49; N, 5.87%). 31P{*H} NMR (CD2C12) S 75.7 ['j(P,Rh) 181 
Hz]; ‘H NMR (CD2C12) 8  7.74 (m, 4H, Ar), 7.42 (m (br), 6H, Ar), 3.41 (m (br), 2H, 
CH2NP), 2.96 (m (br), 1H, NH), 2.62 (m (br), 2H, CH2N), 2.55 (s, 6H, CH3N). IR 
(KBr, cm'1): 3256 [w (br), v(NH)], 1988 [vs, v(CO)]; IR (CH2C12, cm'1): 1995 [vs, 
v(CO)].
[RhCl(CO)(L8)2] (55): as for 40 using [Rh(p-Cl)(CO)2]2 (0.069 g, 0.18 mmol) and L8 
(0.194 g, 0.71 mmol). Recrystallised from dichloromethane-diethyl ether. P{ H] 
NMR (CD2C12) 8  59.9 [1J(P,Rh) 128 Hz]; 1H NMR (CD2C12) 8  7.84 (m, 4H, Ar), 7.46 
(m, 6H, Ar), 4.26 (m (br), 1H, NH), 2.92 (m (br), 2H, CH2NP), 2.35 (t, 2H, 3J(H,H) 7 
Hz, CH2N), 2.19 (s, 6 H, CH3N). IR (CH2C12, cm'1): 1976 [vs, v(CO)].
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[PdCI2(L10)2] (56): as for 1 using [PdCl2(cod)] (0.100 g, 0.35 mmol) L1# (0.206 g, 
0.70 mmol). (Found: C, 54.3; H, 4.27; N, 3.33. C se^C b ^ C ^ P d -V ^ C I^ C b  requires 
C, 54.4; H, 4.12; N, 3.47%). IR (KBr, cm'1): 1644 [s, v(C=0)].
[PtCI2(L1#)2] (57): as for 1 using [PtCl2(cod)] (0.100 g, 0.27 mmol) and Lw (0.157 g, 
0.54 mmol). (Found: C, 49.0; H, 3.79; N, 3.07. C36H32Cl2N20 2P2Pt-‘/2CH2C12 requires 
C, 49.0; H, 3.72; N, 3.13%). IR (KBr, cm'1): 1651 [s, v(C=0)].
[Pd(dmba)CI(L10)] (58): as for 18 using [Pd(dmba)(;i-Cl)]2 (0.100 g, 0.37 mmol) and 
L 1# (0.106 g, 0.36 mmol). (Found: C, 54.8; H, 4.48; N, 5.04.
C27H28ClN2OPPd-!/4CH2Cl2 requires C, 55.4; H, 4.86; N, 4.74%). 31P{1H} NMR 
(CDCI3) 8  8 8 .6 ; ‘H NMR (CDCI3) 8 7.94 (m, Ar), 7.44 (m, Ar), 7.01 (d, 1H, Ar), 6.95 
(s (br), 1H, CH), 6 .88  (t, 1H, Ar), 6.51 (s (br), CH), 6.48 (t, Ar), 6.24 (s (br), 1H, CH), 
6.10 (t, 1H, Ar), 4.09 (s (br), 2H, CH2N (dmba)), 2.82 (d, 6H, 4J(H,P) 3 Hz, CH3N 
(dmba)), 2.04 (s, 3H, CH3). IR (KBr, cm'1): 1649 [s, v(C=0)].
[Pt(dmba)CI(L10)] (59): as for 18 using [Pt(dmba)(n-Cl) ]2 (0.100 g, 0.14 mmol) and 
L 1# (0.080 g, 0.27 mmol). (Found: C, 49.4; H, 4.80; N, 3.95. C27H28ClN2OPPt 
requires C, 49.3; H, 4.29; N, 4.26%). 31P{1H} NMR (CDCI3) 8  63.3 [1J(P,Pt) 5097 
Hz]; !H NMR (CDCI3) 8  7.91 (m, 4H, Ar), 7.40 (m, 6 H, Ar), 7.00 (d, 1H, Ar), 6.94 
(m, 1H, CH), 6.84 (t, 1H, Ar), 6.40 (m (br), 2H, Ar/CH), 6.17 (m (br), 2H, Ar/CH), 
4.02 (m (br), 2H, CH2N (dmba)), 2.90 (m (br), 6H, 4J(H,P) 3 Hz, CH3N (dmba)), 2.06 
(s, 3H, CH3). IR (KBr, cm'1): 1657 [s, v(C=Q)].
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[Pd(dmba)(L1#)](BF4) (60): as for 25 using AgBF4 (0.038 g, 0.19 mmol) and 58 
(0.100 g, 0.18 mmol). (Found: C, 52.1; H, 4.62; N, 4.52. C ^H aiB F^O PPd requires 
C, 52.2; H, 4.55; N, 4.51%). 31P{‘H} NMR (CD2C12) 8  87.1; 'H  NMR (CD2C12) 8
7.79 (m, 1H, CH), 7.71 - 7.55 (m, Ar), 7.07 (d, 1H, Ar), 6.94 (t, 1H, Ar), 6.85 (m (br), 
1H, CH), 6.61 (m, 1H, CH), 6.51 (t, 1H, Ar), 6.17 (t, 1H, Ar), 4.16 (m (br), 2H, CH2N 
(dmba)), 2.92 (d, 6H, 4J(H,P) 3 Hz, CH3N (dmba)), 2.72 (s, CH3). IR (KBr, cm'1): 
1594,1580 [s, v(C=0)], 1050 [vs (br), v(BF4)].
[Pd(dmba)(L10)](PF6) (61): as for 50 using T1PF6 (0.152 g, 0.44 mmol) and 58 (0.206 
g, 0.36 mmol). Reciystallised from dichloromethane-hexane followed by 
dichloromethane-pentane to give an orange crystalline solid. 31P{1H) NMR (CD2C12) 
8  87.4, -143.6 (sep, 1J(P,F) 711 Hz, PF6); ‘H NMR (CD2C12) 8  7.76 - 7.46 (m, 
Ar/CH), 7.10 (d (br), 1H, Ar), 6.98 (d, 1H, Ar), 6.93 (m, 1H, CH), 6.63 (m, 1H, CH), 
6.54 (t, 1H, Ar), 6.24 (t, 1H, Ar), 4.15 (d, 2H, 4J(H,P) 3 Hz, CH2N (dmba)), 2.90 (d, 
6 H, 4J(H,P) 3 Hz, CH3N (dmba)), 2.70 (s, 3H, CH3). IR (KBr, cm'1): 1596 [s, 
v(C=0)], 838 [vs, v(PF6)].
[Pt(dmba)(L10)](BF4) (62): as for 25 using AgBF4 (0.035 g, 0.18 mmol) and 59 
(0.108 g, 0.16 mmol). Reciystallised from dichloromethane-pentane. (Found: C, 45.2; 
H, 4.02; N, 3.95. C27H28BF4N2OPPt requires C, 45.7; H, 3.98; N, 3.95%). 31P{1H} 
NMR (CD2C12) 8  62.6 [1J(P,Pt> 4423 Hz]; ‘H NMR (CD2C12) 8  7.85 (m, 1H, CH) 7.70 
(m, 6H, Ar), 7.58 (m, 4H, Ar), 7.12 (d, 1H, Ar), 7.04 (s (br), 1H, CH), 6.93 (t, 1H, 
Ar), 6.65 (m, 1H, CH), 6.51 (m, 1H, Ar), 6.33 (m, 1H, Ar), 4.22 (m, 2H, 3J(H,Pt) 33
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Hz, 4J(H,P) 3 Hz, CH2N (dmba)), 3.00 (m, 6H, 3J(H,Pt) 23 Hz, 4J(H,P) 3 Hz, CH3N 
(dmba)), 2.73 (s, 3H, CH3). IR(KBr, cm'1): 1583 [s, v(C=0)], 1060 [vs (br), v(BF4)].
[Pt(dmba)(L1#)](PF«) (63): as for 50 using T1PF6 (0.029 g, 0.083 mmol) and 59 
(0.050 g, 0.076 mmol). Recrystallised from dichloromethane-hexane followed by 
dichloromethane-pentane to give colourless crystals. (Found: C, 41.9; H, 3.74; N, 
3.61. C27H28F6N2OP2Pt requires C, 42.2; H, 3.68; N, 3.65%). 31P{1H} NMR (CDC13) 
8  62.8 [■ J(P,Pt) 4437 Hz], -143.6 (sep, ^(P.F) 711 Hz, PF<s); ‘H NMR (CDC13) 8  7.76 
(m, 1H, CH) 7.64 (m, 6 H, Ar), 7.54 (m, 4H, Ar), 7.08 (d (br), 1H, Ar), 6.99 (m, 1H, 
CH), 6.91 (t, 1H, Ar), 6.60 (m, 1H, CH), 6.48 (t, 1H, Ar), 6.28 (m, 1H, Ar), 4.17 (m, 
2H, 3J(H,Pt) 34 Hz, 4J(H,P) 3 Hz, CH2N (dmba)), 2.95 (m, 6H, 3J(H,Pt) 23 Hz, 
4J(H,P) 3 Hz, CH3N (dmba)), 2.68 (s, 3H, CH3). IR (KBr, cm'1): 1579 [s, v(C=0)], 
838 [vs, v(PF6)].
[RhCI(COML14)] (64): as for 54 using [Rh(p-Cl)(CO)2]2 (0.100 g, 0.26 mmol) and 
L 10 (0.151 g, 0.52 mmol). Reciystallisation from dichloromethane-hexane followed by 
toluene-dichloromethane-hexane gave orange coloured crystals. (Found: C, 49.6; H, 
3.60; N, 2.95. C19Hi7CIN02PRh requires C, 49.6; H, 3.51; N, 3.05%). 31P{1H} NMR 
(CDC13) 8  93.6 [1J(P,Rh) 178 Hz]; ■H NMR (CDC13) 8  7.65 (m, 1H, CH), 7.58 - 7.47 
(m, 10H, Ar), 6.96 (m (br), 1H, CH), 6.60 (m, 1H, CH), 2.60 (s, 3H, CH3). IR (KBr, 
cm'1): 1989 [vs, v(CO)], 1576 [vs, v(C=0)]; IR (CH2C12, cm'1): 2007 [vs, v(CO)], 
1587 [vs, v(C=0)].
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Synthesis of [RhCI(CO)(L10)2] (65)
[Rh(|i-Cl)(CO)2]2 (0.050 g, 0.13 mmol) was added to a solution of L10 (0.151 g, 0.52 
mmol) in toluene (10 cm3) and the mixture stirred for 30 minutes. The resulting 
solution was filtered, and the yellow precipitate washed with toluene (5 cm3) followed 
by hexane (20 cm3) and dried under reduced pressure. (Found: C, 58.7; H, 4.35; N, 
3.66. C37H32CIN2O3P2RI1 requires C, 59.0; H, 4.28; N, 3.72%). 31P{1H} NMR 
(CDCI3) 6  84.4 [ ^ R h )  158 Hz]; lH NMR (CDCI3) 6 7.80 - 7.60 (m, Ar), 7.54 - 7.32 
(m (br), Ar), 7.23 - 7.12 (m (br), Ar/CH), 6.44 (m (br), CH), 6.18 (m (br), CH), 2.40 
(s, CH3). IR (KBr, cm'1): 1963 [vs, v(CO)], 1650 [vs, v(C=0)]; (CH2C12, cm'1): 1981 
[vs, v(CO)], 1650 [s, v(C=0)].
Formation of [RhCI(CO)(PPh2OPPh2)]2 (66)
65 was formed in situ using [Rh(p-Cl)(CO)2]2 (0.050 g, 0.13 mmol) and L10 (0.151 g, 
0.52 mmol) in dichloromethane (10 cm3). On standing for a few hours the initial 
yellow solution changed to give a red solution and red needle shaped crystals. The 
solvent was removed by filtration to leave the red crystals, these were washed with 
dichloromethane (2 x 10 cm3) and dried under reduced pressure. The crystalline 
material was found to be insoluble in THF, dichloromethane, chloroform, and toluene. 
(Found: C, 51.1; H, 3.59; N, 0.0. C soH ioCfeC^R l^C^Ck requires C, 51.5; H, 3.56; 
N, 0.00%). IR (KBr, cm'1): 1964 [vs, v(CO)], 1793 [m, v(p-CO)].
Synthesis of [Rh(L10)2]CI (67)
L 10 (0.119 g, 0.41 mmol) was added to a solution of [Rh((i-Cl)(cod)]2 (0.050 g, 0.10 
mmol) in dichloromethane (10 cm3) and the mixture stirred for IV2 hours. The solvent
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was evaporated under reduced pressure, and the solid washed with cold hexane (2  x 
10 cm3) and dried under reduced pressure. 31P{1H} NMR (CDCI3) 5 108.0 [^(PjRh) 
204 Hz]; JH NMR (CDCI3) 8 7.88 (m (br), CH), 7.68 - 6 .88  (m (br), Ar), 6.67 (m (br), 
CH), 6.37 (m (br), CH), 2.63 (s, CH3). IR (KBr, cm-1): 1574 [vs, v(C=0)].
Synthesis of [Rh(L10)2](PF6) (6 8 )
NH4PF6 (0.034 g, 0.21 mmol) was added to a solution of 67 formed in situ from L 10 
(0.119 g, 0.41 mmol) and [Rh(p-Cl)(cod)]2 (0.050 g, 0.10 mmol) in THF (30 cm3). 
The mixture was stirred for 2 hours, after which the solution was filtered to remove 
NH4CI. The resulting solution was evaporated under reduced pressure, and the solid 
washed with cold diethyl ether (2  x 20  cm3) and dried under reduced pressure. 
Recrystallised from dichloromethane-hexane to give orange coloured crystals. (Found: 
C, 50.9; H, 3.93; N, 3.16. C36H32F6N202P3Rh1/4CH2Cl2 requires C, 50.9; H, 3.83; N, 
3.27%). 31P{1H} NMR (CDC13) 8  108.3 [ ^ R h )  205 Hz], -143.5 (sep, ^ F )  711 
Hz, PF6); *H NMR (CDC13) 8  7.54 (m, 1H, C H ), 7.42 (m, 2H, Ar), 7.24 (m, 8H, Ar),
6.73 (m, 1H, C H ), 6.42 (m, 1H, C H ), 2.71 (s, 3H, C H 3). IR (KBr, cm'1): 1570 [s, 
v(C=0)], 837 [vs (br), v(PF6)].
Synthesis of [(c-C5H9)7Si709(0 SiMe3)0 2Pt(dppe)] (69)
Two methods were used to synthesise 69:
(Method 1): [(c-QH^SiTO^OSiMejXOH^] (S1) (0.147 g, 0.15 mmol) was added to 
a solution of [Pt(C0 3 )(dppe)] (0.100 g, 0.15 mmol) in dichloromethane (30 cm3) and 
the mixture stirred at room temperature (typically 7 days). The solvent was removed 
under reduced pressure, and the crude product recrystallised from
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dichloromethane-diethyl ether to precipitate any unreacted starting materials. The 
resulting solution was filtered, and the solvent removed under reduced pressure. 
Recrystallised from toluene-acetonitrile to give colourless crystals of 69. (Found: C, 
49.8; H, 6.25; QaHssSigOi^Pt requires C, 49.8; H, 6.41 %). 31P{'H} NMR (270 
MHz, CDC13) 8 27.3 ['j(P,Pt) 3773 Hz]; ]H NMR (400 MHz, CDCI3, 25 °C) 8 8.06 
(dq, 8H, Ar), 7.50 (t, 4H, Ar), 7.43 (m, 8H, Ar), 2.14 (m, 4H, P(CH2)2P), 1.72 (m, 
12H, C5H9), 1.50 (m, 28H, C5H9), 1.27 (m, 4H, C5H9), 1.12 (m, 12H, C5H9), 0.92 (m, 
3H, C5H9), 0.81 (m, 2H, C3H9), 0.54 (m, 2H, C5H9), -0.29 (s, 9H, SiMe3). 13C{‘H} 
NMR (100 MHz, CDCI3, 25°C) 8  28.7 (CH2P), 28.5 - 26.4 (other CH2), 25.1, 24.2, 
23.2, 23.0 (2:3:1:1 for CH), 1.0 (SiMe3). 29Si{'H) NMR (79 MHz, CH2C12, 0.02 M 
Cr(acac)3, 25 °C) 8  6.0 (SiMe3), -65.1, -66.3, -6 6 .6 , -68.7 (1:1:2:3). FAB-MS, m/z 
1539 [M + H\*.
(Method 2): S1 (0.254 g, 0.27 mmol) and AgiO (0.248 g, 1.07 mmol) were added to a 
solution of [PtCl2(dppe)] formed in situ from [PtCl2(cod)] (0.100 g, 0.27 mmol) and 
bis(diphenylphosphino)ethane (dppe) (0.106 g, 0.27 mmol) in dichloromethane (30 
cm ) and the mixture refluxed under nitrogen (typically 7 days). The solution was 
filtered and the black solid residue washed with dichloromethane (2 x 10 cm3) and the 
washings combined with the filtrate. The solvent was removed under reduced 
pressure, and the crude product reciystallised from dichloromethane-diethyl ether to 
precipitate any unreacted starting materials. The resulting solution was filtered, and 
the solvent removed under reduced pressure. Recrystallised from toluene-acetonitrile 
to give colourless crystals of 69. 31P{‘H) NMR (CDC13) 8  27.3 [‘j(P,Pt) 3769 Hz], 
Analysis as for Method 1.
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[(c-C6Hn)7Si7O,(OSiMe3)O2Pt(dppe)l(70):
As for 69 (Method 1), using [(c-C6Hii)7Si70 9 (0 SiMe3X0 H)2] (S1) (0.160 g, 0.15 
mmol) and [Pt(C0 3 )(dppe)] (0.100 g, 0.15 mmol). Recrystallised from
toluene-acetonitrile to give colourless crystals plus a waxy residue. (Found: C, 52.2; 
H, 6 .8 8 ; CssflnxSigOi^Pt requires C, 52.1; H, 6.77 %). 3IP{*H} NMR (CDClj) 8
27.7 [‘j(P,Pt) 3776 Hz]; ‘H NMR (CDCI3) 8  8.1 (m, Ar), 7.5 (m, Ar), 2.2 (m, br, 
P(CH2)2P), 1.73 (br, C6H n ), 1.24 (br, C6Hn ), 0.8 (br, CgHn), -0.24 (s, SiMe3). IR 
(KBr, cm'1): 1435 [s, v(PCH2)], 1100 [vs (br), v(Si-0-R)]. FAB-MS, m/z 1046 [M - 
Pt(dppe)f.
As for 69 (Method 2), using S2 (0.280 g, 0.27 mmol), [PtCl2(dppe)] (0.177 g, 0.27 
mmol) and Ag20  (0.186 g, 0.80 mmol). Reciystallised from toluene-acetonitrile to 
give colourless block shaped crystals and a waxy residue. P{’H] NMR (CDCI3) 8
27.5 ['J(P,Pt) 3773 Hz]. Analysis as for Method 1.
[(c-CsHj)7Si70 9 (0 H)0 2Pt(dppe)] (71): as for 69 (Method 1), using
(c-C5H9)7Si709(0 H)3 (S3) (0.269 g, 0.31 mmol) and [Pt(C03)(dppe)] (0.200 g, 0.31 
mmol). 31P{‘H} NMR (270 MHz, CDCI3) 8  27.0 ['J(P,Pt) 3729 Hz]; ‘H NMR (400 
MHz, CDCb, 25 °C) 8  8.0 (m, 8H, Ar), 7.5 (m, 12H, Ar), 2.2 (m, 4H, P(CH2)2P), 1.9 - 
0.8 (m, 63H, C5H9); i3C{‘H} NMR (100 MHz, CDCI3, 25 °C) 8  29 (CH2P), 28.6 -
26.7 (other CH2), 25.10,23.22,23.11,22.69,22.60 (2:2:1:1:1 forCH).
[(c-C<iHn)7Si70 9 (0 SiMe3)0 2Pd(dppe)] (72): as for 69 (Method 2 ), using S1 (0.105 g, 
0.19 mmol), Ag2 0  (0.180 g, 0.78 mmol) and [PdCh(dppe)] formed in situ from 
[PdCl2(cod)] (0.055 g, 0.19 mmol) and dppe (0.077 g, 0.19 mmol). Recrystallisation
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was attempted from toluene-acetonitrile but formed a waxy solid. 31P{1H} NMR 
(CDCI3) 8  33.7; NMR (CDCI3) 8  7.75 - 7.62 (m, Ar), 7.55 - 7.40 (m, Ar), 2.40 (m, 
P(CH2)2P), 1.7 (br, C5H9), 1.5 (br, C5H9), 1.0 (m (br), C5H9), 0.5 (s, SiMe3).
Synthesis of [Pd(dppe)(NC5HC0 2H-4)2](BF4)2 (73)
Isonicotinic acid (0.087 g, 0.70 mmol) was added to a stirred dichloromethane/THF 
solution of [Pd(dppe)(THF)2](BF4) formed in situ from [PdCl2(cod)] (0.100 g, 0.35 
mmol), dppe (0.140 g, 0.35 mmol), AgBF4 (0.205 g, 1.05 mmol) and THF (20 cm3). 
After 2 hours the solution was filtered and the solvent evaporated under reduced 
pressure, leaving a pale yellow solid. Reciystallised from butanone-hexane. (Found: 
C, 49.2; H, 4.46; N, 2.74. C38H34B2F8N20 4 P2Pd requires C, 50.0; H, 3.99; N, 2.92 %). 
31P{!H} NMR (d6-acetone) 8  68.3; lH 8  9.08 (br, 4H, CH), 8.02 - 7.90 (m, Ar), 7.80 - 
7.50 (m, Ar), 3.4 (m (br), 4H, CH2). IR (KBr, cm'1): 1734 [s, v(C02H)], 1060 [vs (br), 
v(BF4)].
[Pt(dppe)(NC5HC0 2 H-4 )2](BF4)2 (74): as for 73 using isonicotinic acid (0.066 g, 
0.54 mmol) and [PtCl2(dppe)] formed in situ from [PtCl2(cod)] (0.100 g, 0.27 mmol), 
dppe (0.106 g, 0.27 mmol), AgBF4 (0.104 g, 0.53 mmol) and acetone (40 cm3). 
31P{1H} NMR (d6 -acetone) 8  39.2 [^ (P ^ t) 3233 Hz]; lH 8  9.08 (d, 4H, 3J(H,H) 4 
Hz, CH), 8.00 - 7.82 (m, 8H, Ar), 7.84 (d, 4H, 3J(H,H) 6 Hz, CH), 7.73 - 7.65 (m, 
12H, Ar), 3.25 (m, 4H, CH2). IR (KBr, cm'1): 1733 [s, v(C02H)], 1060 [vs (br), 
v(BF4)].
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Synthesis o f  [Ag3(NC5H4C02-4)2]BF4 (75)
AgBF4 (0.474 g, 2.44 mmol) was added to a suspension of isonicotinic acid (0.200 g, 
1.62 mmol) in acetone (30 cm ) and the mixture stirred in darkness overnight. The 
resulting solution was filtered, the residue washed with acetone (2 x 10 cm3) and the 
washings and filtrate combined. The solvent was evaporated under reduced pressure 
to give an off white solid. Recrystallised from acetone-hexane to give colourless 
crystals of 75. (Found: C, 22.0; H, 1.25; N, 4.32. Ci2HgAg3BF4N204 , requires C, 22.0; 
H, 1.23; N, 4.28 %). lH NMR (d6-acetone) 8 9.24 (d, 4H, 3J(H,H) 7 Hz, CH), 8.65 (d, 
4H, 3J(H,H) 7 Hz, CH); 13C{!H} 8 208 (s, C 02), 163 (s, Ar {Cipso}), 146 (s, Ar 
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Appendix 1 - Crystallography
Data for complexes 3, 16, 18, 35, 38, 63 and 66  were collected on a CAD4 
automatic 4-circle diffractometer, data for 1 and 75 were collected on the EPSRC 
FAST system, data for 19 was collected on a Briiker SMART 1000 CCD 
diffractometer, whereas data collection for 69 was carried out at Utrecht University on 
an Enraf-Nonius CAD4T diffractometer. The crystal structures were solved by Dr. 
Mary Mahon, with the solution of the structures and their refinement carried out using 
SHELX8 6 1 and SHELX932 respectively. The figures of the asymmetric units along 
with their labelling were produced using ORTEX.3
Hydrogen atoms were included in calculated positions on carbon centres for all 
structures. Hydrogens attached to nitrogen atoms were readily located throughout in 
the penultimate difference Fourier electron density maps, and included in the final 
stage of refinement with various restraints. In 1, the hydrogen attached to N (l) was 
refined at a fixed distance of 0.90 A from the parent atom. The corresponding 
hydrogens in compounds 3, 19 and 38 were treated similarly, whereas the 
corresponding hydrogens in compounds 16 and 18 were refined at a fixed distance of 
0.98 A from the parent nitrogen atom.
In the structural refinement of complex 16, the maximum residual electron 
density peak was noted to be very close to the nitrite moiety, which points to some 
disorder and librational effects in this region of the electron density map, given the 
large thermal vibration of the atoms therein. This disorder could not be successfully 
modelled and in the latter stages of refinement, the N -O  distances in the nitrite group 
were constrained to be similar to each other.
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The crystal used for the structural determination of 35 was not a strong 
diffractor. This is exemplified by the statistics on the data and the larger than desirable 
ESDs for the geometric parameters associated with this crystal structure. In the final 
stages of the refinement, the components of the anisotropic displacement parameters 
for atoms in the phenyl ring containing C(7) were refined subject to 'rigid bond' 
restraints and the thermal parameters for C(5) and C(6 ) were also treated similarly 
using SHELXL.2
In the structural refinement of complex 75, during the final least squares cycles 
all atoms were allowed to vibrate anisotropically, except N (l), C(3), C(9) and C(12). 
Anisotropic refinement of these 4 atoms would have given unsatisfactory thermal 
parameters.
An empirical absorption correction (DIFABS4) was applied to the data 
compounds 16, 35, 63 and 75. The associated maximum and minimum transmission 
factors for 16, 35, 63 and 75 were 1.000, 0.860 for 16, 1.000, 0.219 for 35, 1.000, 
0.578 for 63 and 1.000,0.500 for 75, respectively.
1 G. M. Sheldrick, Acta Cryst., 1990, A 46,467.
2 G. M. Sheldrick, SHELXL-93, a computer program for crystal structure
refinement, University of Gottingen, 1993.
3 P. McArdle, J. Appl Cryst, 1995,28, 65.
4 N. Walker and D. Stuart, Acta Cryst, 1983, A 39,158.
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Appendix 2 -  Crystallographic Data for Complexes 1 ,3 ,16 ,18 ,19 ,35 ,38 ,52 ,63 ,





















Goodness-of-fit on F2 
R l, wR2 [ />  2a(7)]
(all data)







































































Goodness-of-fit on F2 
R l,w R 2 [ / > 2 a(/)]
(all data)
















































C om plex 19 35
Empirical formula C25H32CIN20PPd C42H44N20 2P2Pt2-CH2Cl2
M 549.35 1145.84
TIK 293(2) 293(2)
Crystal system Monoclinic Monoclinic









A /g  cm-3 1.431 1.777
/i/mm"1 0.914 6.781
Aooo) 1128 2204
Crystal size/mm 0.45 x 0.25 x 0.15 0 .2  x 0.2  x 0.2
0 /° 1.30-26.37 2.38-23.98
Reflections collected 14866 6620
Independent reflections 5207 6620
[R(int) 0.0385] [R(int) 0.0267a]
Goodness-of-fit on F2 0.909 1.046
R l, wR2 [ />  2ct(7)] 0.0392, 0.0942 0.0715,0.1449
(all data) 0.058, 0.1028 0.1541,0.1776
























Goodness-of-fit on F2 
F l,w F 2 [ / > 2 a(/)]
(all data)
Largest diff. peak, hole/eA-3
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Empirical formula C27H28F6N2OP 2Pt C50H40CI2O2P4RI12CH2CI2
M 767.54 579.17
77K 170(2) 170(2)
Crystal system Monoclinic Monoclinic









ZVg cm-3 1.865 1.599
/i/mm' 1 5.317 1.081
F(0 0 0 ) 1496 1164
Crystal size/mm 0 .20  x 0 .20  x 0.15 0.15 x 0.2 x 0.2
0 /° 2.13-24.97 2.36-24.97
Reflections collected 4787 4539
Independent reflections 4778 4230
[R(int) 0.0167]
Goodness-of-fit 0.973 0.870
R1, wR2 [ />  2 a(/)] 0.0340, 0.0860 0.0475, 0.1165
(all data) 0.0463, 0.0992 0.0682, 0.1278
Largest difF. peak, hole/eA' 3 1.956, -1.361 1.451,-1.970
238
Complex 69 75
Empirical formula C64H96Si8P20i2Pt’C2H3N Ci2HgAg3BF4N2C>4
M 1580.22 654.62
77K 153 150(2)
Crystal system Orthorhombic Triclinic









DJg cm-3 1.434 2.828
2.15 3.852
F{000) 6544 616
Crystal size/mm 0.5 x 0.4 x 0.2 0.24 x 0.18 x 0.10
e/° 1.0-25.00 2.22-24.66
Reflections collected 13789 2146
Independent reflections 12902 1381
[R(int) 0.0267] [R(int) 0.0809a]
Goodness-of-fit 1.111 0.643
R l, wR2 [ />  2a(i)] 0.0525, 0.1071 0.0325, 0.0617
(all data) 0.1172, 0.1439 0.0577,0.0878
Largest diff. peak, hole/e A-3 1.973, -1.570 0.747, -0.751
a Pre DIFABS.
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